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Or all the ſtudies, in which the 
minds of youth may be employed, 
none, perhaps, deſerve more ſtrongly to 
be recommended, than thoſe of natural 
hiſtory and phyſics. The objects on 
which they are occupied being ſuck _ 
as come under the cognizance of our 
ſenſes, they are more eaſily compre» 
hended by the juvenile. underſtanding, - 
than the refinements of grammar, or 
the abſtract ideas of moral philoſophy : 
at the fame time they afford an inen 
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hauſtible fund of entertainment ; and 
_- their great utility to all, whatever may. 
be their future deſtination in life, r no 


one will dif pute. 
-$til this is not the whole of their 
recommendation. They tend in a ſuper- 
eminent degree, to expand and enlarge 
the mind, and inſpire it with the moſt 
_ exalted notions of that ineffable Firſt 
Cauſe, from whom all things in nature 
received their being, and by whom the 
laws, that regulate and uphold them, 
5 were ordained, Neither are they by 
any means unconnected with moral 
philoſophy; for, to the moſt valuable 
part of morality, e morals, _ 
frequently lead. 
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knowledge of theſe kindred ſciences, 
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and facilitate their acquiſition, max 


reaſonably hope to be received with _ 


candour; and, if tolerably executed, 
may be preſumed not to have been of- 
fered to the public in vain. That theſe 
ſciences may be ſtudied ſyſtematically 
with advantage, is not diſputed : but, 
this 1 is in the power of few ; and many 
a youth, whoſe time and oppbrtunities 
are unequal to ſuch an undertaking, 
may acquire a coufiderable portion of 
much ufeful knowledge, in a leſs la- 
' borious and more agreeable manner, by 
having his attention turned to objects 
about him, and being made acquainted. 
with the nature and phyſical principles | 


of ſuch, as may reaſonably be fuppoſed 
to come in his way. <4 +l (LAN 4 TE 
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Sneh has been the opinion of many 
judicious men; and Mr. a 
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tempted, to carry it into execution, as 
it appears to me, with conſiderable ſkill. 
Much of the inſtruction he gives, much N 
of the knowledge he conveys, will be 
ſound extremely entertaining; and the 
whole is diveſted as far as poſsible of 
that dry form, from which the teaching 
ol a ſcience ſyſtematically is inſepa- 
rible. Jo explain objects,“ I uſe | 
his: own words, that occur in nature 
and an common life, which are adapted 
to'the comprehenſion of young perſons, 


in a perſpicuous manner, and ſo as to 


render them palpable to the ſenſes, was 
the baſis of my deſign. This I have 
endeavoured to accompliſh in ſhort de- 


© tached pieces, under the form of dia- 


logues, narrative, or letters; and, for 
the ſake of giving variety to the enter- 


1 uinment, J have not confined myſelf _ 


| ys yank. Hence I ſhall | 
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. 
appear occaſionally to - nave touched 
upon 1 ubjects before their natural courſe; 
yet the intelligent reader will eaſily per- 
ceive, that this has not been conan ad- 


venture.“ 


| - a 51 

To this I muſt add, however, that it 
is the plan of Mr. Vieth, to publiſh a 
ſimilar volume every half year, till ſome- 

| thing very like a completes ſyſtem of 
phyſical ſcience is produced; ſo that a 
groom! knowledge of nature may be 
Required from the work by almoſt im- 
perceptible degrees, in a pleaſing man- 
ner, and without any arduous toil. In 
giving his work an'engliſh dreſs, I have 
ſtripped it as much as poſsible of it fo.” * 
"reign garb; and, inſtead of a ſlaviſh ad- 
herence to the original, I have added, 
retrenched, or altered, as appeared to 
me geceſlary, to render it more com- 
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pletely ſuitable to the uſe of engzliſli 
ſchools, and the inſtruction of englith 
youth. | Manners and cuſtoms vary; 
thaugh nature and nature's laws are 
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* Do n thinks] can 1 iron dim! 
fad William to his Zac Cavoline: © ee 

Caroline. . No.“ it * IS 25 

; Wilkam, 60 ee 1 can.“ > "1 

C. «1 dare not 6 you deer „ 
aſſerting an untruth ;' yet I muſt dòubt the 


W till I-ſee it with my own 175 N a 


Lend me a needl .. 
C. „ What,. you mean to fick it into a 
cork, and call that making iron ſwim ? 
VV. No, indeed: L 8 oy and. | 
by itſelf on the Mater? ?: + * : 
Caroline took a elle. ab 28 it jute 4 
glals. of water; It inmediaccl look to we 
vol. 1. WL 1 
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» -_ © THE PLEASING PRECEPTOR. | 
bottom. Pray now let me ſee you do 
it.” PAT 
William filled the glaſs brimful of water; 


took a fine needle, which he held carefully 
endwiſe between the points of his forefinger 
and thumb, and laid it very gently on the 


water, ſo that it's whole length touched the 
ſurface at once. 


. „See there, Caroline: I told you 1 


could make iron ſwim: I can make filver 


ſwim too?“ | 
William took a very thin filver coin, laid 
it flat on the ſurface of the water, in the 
fame cautious manner as he had done the 
needle, and it ſwam likewiſe. 
C. „ How is it this happens? Iron and 


filver are both heavier than water, and I 


thought nothing would ſwim, 2 it was 
lighter.” 


only learned the trick from one of my . 
fellows.” 

C. We will aſk our father : I Gur fo 
he can tell us.” 
William and Cuties went to their fa- 


ther. 
C. 44 Father, William has « juſt ROY 


_— 


. I do not know the 1 2 
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THE PLEASING PRECEPTOR.. Y 
ing a needle and a piece of money ſwim upon 
water: why was it they did not fink ?”' © 

Father. © You are right, Caroline, not to 
ſatisfy urſelf with the performance of the 
trick, without inquiring into the principles 
of it. You ſhould always do this, my dear 
children. On every occaſion examine into 
the grounds of things: every effect muſt have 
a cauſe; and though ſometimes we may not 
be able to diſcover the cauſe; we ſhall bene- 
fit ſomething by the very habit of reflection 
itſelf. To him, who does not reflect on w-hat 
he ſees, a thouſand natural occurrences ap- 
pear miraculous. Many feel no inclination 
to reflect on phenomena ſuch as this and 
ſeveral others, and hence ariſes baneful ſu- 
perſtition.— But to William's tricks. — The 
needle and the coin do not properly ſwim; 
they are rather ſuſtained on the water“ 

C.“ What am I to underſtand by that??? 

F. * The particles of water have an evi- | 
dent coheſion together, though but a flight 
one. Now if any body, though heavier than 
an equal bulk of water, be not heavy enough to 
overcome the coheſion of all the particles that 
ſupport it, it will ſwim; though, if this ce 
hefion be once broken, it will fink to the, 3 

B 2 ; 
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| bottom. Look attentively at the water, 

| where the needle hes upon it, and tell me 
what you obſerve.“ / 

The ſurface of the water is regu» 
leky: depreſſed by the needle, Oy forms a 
ſort of rim round it“ 

«1, Sik e e now by my ect | 
did not ſucceed. I did not lay the needle 
lightly upon the water, and all it's parts at 

Lou are tight: the coheſion of the 

water in the point where the needle firſt 

touched it was inſtantly overcome by the 
N weight of che needle, and ſo it was in all the 
 ather points in ſucceffion.; but if the co- 
heſion of it in all theſe points had been to 
be overcome at once, the reſiſtance would 
have been greater than the preſſure of the 
weight of the rieedle, ſo that it would have 
been ſuſtained on the ſurface. Vou may 
obſerve the coheſion of water in every drop 
that hangs on the eaves of the houſe: it 
remains ſuſpended, till by the addition of 
freſh particles of water it acquires ſufficient 
weight; to overcome the coheſion where it is 
drawn out into N whea 6 it 15 ”o "Ow. 
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WATER. THAT' DOES: NOT WET.. 


"i 


I will now: how you another experi- bit 
ment,” ſaid Mr. Goodwyn,. dropping a balt- 
penny into a glaſs of water. Can either of | 
you take this halfpenny, out with your bare 
fingers, without wetting tbem! ??? 
Neither William nor Caroline knew how 
0 was to be accompliſhed. | 

„See, Lwill throw a little of this 4 
low ES on the water, and when the ſur- 
face is covered with it, yougmay dip your . 
fingers into-the water without wetting 3 
Caroline put her fingers flowly into the 
glaſs, felt the cold water round them, and 
was not a little ſurpriſed, when ſhe took them 
out with the halfpenny, to find them dr. 
F. « You want to know the aon a. 
this, do you not?“ Hl = 
C. © I own, I do not underſtand 11 5 
V. «1, too, ſhould hike to know —_ it 
is ſo.“ 
ö will tell you. When we fay- * 
thing dipped into water is wetted, it im · 


„The ſeed of the common clubmoſz, bereue. 
CO Lin, 
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plies, that the particles of water adhere to 
it. Now there are many bodies, to which 
water readily adheres, and this with more 
force than the particles of the water cohere 
together. Such a body, when it is taken 
out of the water, brings out particles of the 
water adhering to it; as a piece of paper 
does, or the fingers, for example. On the 
contrary, there are other bodies, to which 
the particles of water adhere leſs forcibly, 
than they cohere together; and as ſuch 
"bodies, when taken out of the water, can- 
not bring out any particles of water with 
them, they remain dry, Such, for inſtance, 
is a tallow-candle, or any thing of a greaſy 
nature in general, as well as this powder, 
with which I have juſt made the experi- 
ment. This powder forms a kind of film 
over the water, and adheres to the finger 
like a glove ; conſequently, as the particles 
of water cohere together more ſtrongly than 
they adhere to this powder, they are pre- 
vented from coming into contact with the 
N. finger and wetting it“ 
NV. I obſerved Caroline's "Or looked 
as if they had a yellow glove on, when they 
were in the water.” 

F. © Now nt en you, how can a man 
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carry water in a handkerchief, without it's 
running through?“ 
C. Perhaps by means of this powder. 
Let me try!” 
Caroline ſtrewed ſome of the ſeed over het 
handkerchief, gathered it up by the edges in - 


her hand, ſo as to form a bag, and poured 


ſome water into it, which did not run 
through. © This is very curious,” exclaim- 
ed the: © I could not have thought it 
poſſible.· | | 

F. „Hence, my children, you may learn, 
that we ſhould not be too haſty in pro- 


nouncing a thing impoſſible, becauſe we have 
. never ſeen it performed. There are many 


things, of which you would fay it is impoſ- 


fible, though they are perfectly natural. In 
the very ſame manner, in which you carry 


water in this bepowdered handkerchief, quick - 


filver may be carried in a bag of linen, or 


even of tiffany: and if you dip your fingers 
into a veſſel full of quickſilver, they will not 
be wetted, or have any of the quickſilver 


adhere to them; becauſe the coheſion of 
the particles of quickſilver to each other is 
ſtronger than their adheſion to your fingers. | 
or to the tiffany.” 
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TMK PASSAGE OVER THE RIVER. 


* - On alittle excurſion on foot that William 
 - once made with his father, they came to a 
2, river, over which there was a ferry. William 
> and his father, however, were rowed over in 
2, boat. Playing with a ball was a favourite 
- "amuſement. of William's, and as they were 
© paſſing over the river, he took his ball out 
of his pocket, and threw it up a little way, 
| to.carch it. - Conſidering with himſelf, that 
hall was ante and falling, be Apel 
it muſt. be, neceflary for him, to throw it a 
little forwards, inſtead of toſſing it up in a 
perpendicular direction. It fell before bim, 
| however; and on his trying again, it did the 
ſame. A third time he threw it up, but | 
perpendicularly, and caught it. How is 
this?“ laid be to his father. © 1 thought, 
if I threw it up ſtraight, as 1 do on ſhore, 
the boat would row away from under it, 
and it would fall into the water behind 
me.“ 
. 1 wil explain it to you by and by,” 
anſwered. his father.” At preſent look at 
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the ferry-boat, ſee there it goes, with a 
| coach, and horſes, and paſſengers, ſwimming © 
along by the rope, as if of itſelf; without the 
ferryman's taking any trouble with. it.“ 

William obſerved it with wonder. Caſting » 
his eye in the mean time omthe bank of the 
river, he ſaid haſtily to his father; “ but 
whither is our boat going? See, father, that 
is the place where we ſhould land, and the 
boatman is rowing up yonder, a great way 
higher up the ſtream, and on this ſide of the 
river. Boatman, you are going wrong.“ 

+ Boatman. © No, no, maſter ; the boar 18 
going very right.“ 

Father. Loet the boatman take his own n 
courſe, he knows what he is about better 
than you.—See, he is now rowing ſtraight. 
acroſs the river, but the boat deſcends ob- 
liquely toward the place, where we are to 
land. If the: boatman had begun to ro-w-w 
ſtraight acroſs, when we ſet out, we ſhould : . 
bayve been drifteù down much belaw it, mod 
we not?? IRS 4 
N. Ves, Ie werGould'trow. ns . 

They landed, and purſued their way. wu 
lam expected an explanation of the paſſage 
on the river; for he well knew, that his 
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father eagerly ſeized every opportunity of 
imparting to him information reſpecting the 
things that occurred around him, if it were in 
his power, to give him juſt ideas of them; and 
on this occaſion he was not diſappointed. 
in the few. minutes, that we ſpent in 
paſſing over the river,” began his father, 
you obſerved ſeveral things, which you 
never had an opportunity of e before. 
Tell me what they were. 
. I do not underſtand why the ball, 
when I threw it ſtraight up, did not fall be- 
hind me; or how the ferry-boat paſſed acroſs 
the river of itſelf; or why the boatman firſt 
rowed us ſome way up the river“. 
F. Very well. Attention to the object 
miell is the firſt ſtep toward attaining a know. 
lodge of it. All three of the phenomena you 
have mentioned proceed from one and the 


| fame cauſe, which I will take this opportu- 


- nity to explain to you.” 

I need not tell you, in the firſt piace, 
that every motion requires a moving power. 
You already know, likewiſe, from experience, 
- that” a ball, or any other body, moves in a 
dicht line in that direction, in which the 

power impels it. Thus, in playing at fi ves, 


when you move your hand in a ſtraight line 
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toward the ball, and ſo ſtrike it, it is im- 
pelled in that direction againſt the wall, if 
there be no obſtacle in the way.“ 

W. «« But, father, if I throw a ball over 
the wall, it _ not go in a | ſtraight line, 


but in a curve.” | 
F. „That is very true; and the reaſon is, 


that the ball is not ated upon by the mov- 
ing power of your hand alone, but by it's 
own gravity likewiſe; for gravity is nothing 
elſe but a power, which impels a body per- 
pendicularly to the earth. Accordingly, we 
have not one power acting here, but two; | 
and this is juſt the caſe in the three pheno- 
mena you noticed nt our 2 over 


the river. ; 
« Now when a body is ;mpelled by two 


powers at the ſame time, which powers have 
different directions, it cannot follow either 
of theſe direct ions ſimply, but muſt take a 
middle courſe, in which it obeys the im- 
pulſe of both powers at the ſame time. This 
you will comprehend with much more clear- 
neſs and facility, if I explain it to you by a 
figure; and, as we have time enough to 
ſpare, we will fit down on this riſing ground, | 
' 8 2 Proceed to the inveſtigation. “ 
| i | 
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William pulled out bis pocket. book, 
Sick. by his father's advice he always car- 
tied with him, in order to make a memo- 
randum, or take a ſketch of any thing re- 
markable that ogcurred, and gave it to his 
father, who drew on one of the leaves the 
N chat follows: n 


E: F. e Suppoſe A to be our boat; and E 
the place at which we would land. 'We firſt 
rowed along the bank from A to B, our boat 
then came to C, to D, and ſo on, till at 
length it reached E. 
ee To underſtand why this bort 

1 courſe was neceflary, we will confi der the boat 

.as af C. Here it is impelled by two powers; 

_ ſtream urges it in the direction C G, the 

in the direction C F. If it were im- 
re by the ſtream alone, in one ſecond it 
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would paſs from C to G; if the water were 
till, ſo that it was impelled by the oars 
only, it would paſs in one ſecond from C to 
F; but being impelled by both powers, it 
paſſes, in one ſecond from C to D, a middle 
direction between the two. The figure will 
ſhow you how. this direction is found.“ 

- W. 41 perceive by the figure, that the line 
C D is the diagonal of a parallelogram, of _ 
which C Gand C F are the ſides | 
F. << Thus to find the middle direction. 


which a body impelſed” by two powers with”: = 


take, we mark the directions of- the moving 


powers . by lines, make the length of- theſe 
lines proportional to the forces of the powers, 
. complete the parallelogram, and the diagonal 
is the direction ſought. Is it not true, that 
the boat, when it has reached D, has ex- 
pended the impulſe it by bot cher 
moving powers? 
IF. Certainly; for it has aſſed FAG - 
the ſtream as far as D, and the ſpace F D is 
exactly equal to "of G, through which the: 
ſtream alone would have driven it; while 
the ſpace G D is equal to C F, ſo that it kas 
reached exactly the ſame diſtance from the 
bank, as it would have done if it had been 
impelled by the oars only.” pe 


' 1 $663 


14 THE PLEASING PRECEPTOR. 


F. No you perceive that our boatman 
was very right in rowing firſt up the river 
from A to B, as in conſequence we were 
driven down obliquely to E: and it is to be 
obſerved, that it required lefs exertion to row 
up the river near the bank, than it would 
have done farther out in the ſtream, where 
it's velocity was greater.“ 
William perceived. this clearly, and now 
wiſhed to know, why the ferry-boat floated 
acroſs the river as it were of itſelf. 


— — — 


CHAP. IV. 
THE. FERRY-BOAT. 


-M You can tell, I preſume,” continued 
the father, «© what was the moving power, that 
impelled the ferry-boat along the rope N 
the river.'! 

W. It muſt be the ſtream, 1 ſuppoſe z 
for there was no wind ; and if there had been 
wind, the boat had no fail ; and the ferry- 


| as uſed neicher ben ber pale.” 


F. Did you notice nothing elſe with 
reſpect to the boat ? 
V. « The ferry-boat was faſtened at each 


end to the great rope, that goes ſtraight acroſs 
the river, by a ſmaller rope. At the end of 
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each of the ſmall ropes was a roller, that 
they might move freely along the large rope; 
and when the boat was firſt puſhed off from 
the bank, the ferry · man ſlackened the rope 
at the ſtern of the boat, while that at the 
head remained as it was, ſo that the boat lay 
obliquely acroſs the ſtream.” "OF 

F. © Your obſervations were very accu- 
rate, and this ſingle circumſtance, the obh- 
que poſition of the ferry-boat to the ſtream, 
was the cauſe of the motion. Had the ropes 
at the head and ſtern been equally ſhort, ſo 
that the current had ſtruck the fide in a per- 
pendicular direction, the boat would have 
remained nearly motionleſs; for the large 
rope would have prevented it's driving down 
the ſtream. 

Nov, ſuppoſing the boat to be in an 
oblique poſition, and the impulſe of the 
water to be given in the direction of H I; if 
we conceive two other powers, H L, and 
H K, to act inſtead of this power H I, which 
is the diagonal of à parallelogram, the ſides 
of which are HK, and HE, would not 


theſe two powers effect, preciſely what would 
be effected by the ſingle power H 1?!“ 
NF. From n you ſaid to me juſt now, 


3 V 


# 
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when explaining the oblique courſe of our we 

acrols the river, I perceive they would,” 
F. Then we may reſolve the impulſe 
of the water, H I, into the two lateral 
powers, I L, and H K; but can the 
power H L contribute any thing to the mo- 


I tion of the ferry: boat?“ 


V. No, ſince it paſſes along the ſide of 
the ferry - boat, and none e act _ 
. 
3 F. But H k. which i is perpendicular to 
me ade G che ferry · boat, acts wholly upon 
fit; and this is the advantage we derive from 


ä the refolution. of an oblique power, namely, 


we-obtain- one power, which we may leave 
- wholly: out of conſideration; and another, to 
which we muſt pay all our attention. The 


ö _ impulſe of the water, therefore, has juſt the 


ſame effet in moving the boat, as the powes 
HK would have; but can the ferry-boat 
move in the direction HK?!“ 


NN. © No; it can only move along the 


great rope from H toward E.“ | 
F. Let us then proceed to reſolve H K 


E into two other powers, H M, and HN; 


will not theſe eſſect, what would have been 
| nnn N %Þ —"*h 


F. Can the ferry: boat bey the bende ; 
of the power H M?“ Denen i 290 * 


FF: 165 Nos, nt the” e rope prevents 
it. ” * N 240% ö 
F. « The effect EN thirifigh4 is boim 
pletely counteracted by the reſiſtance of the 

rope. But H N remains, for the ferry-boat 
can move preciſely in this direction. Ac- 
cordingly the impulſe of the ſtream acts joſt 


the ſame in moving the fetry- boat along tie 


kopen as an) power equal to II N would do. 
_ Impelling the ferty - boat acrolf the river; and 
this, as you will readily perceive; as well 
| from the left bank to the right, as from the 
right to the left *, merely by preſenting it's- 
ſide: in a different ds ta the ſtream. 
© It is now time for us, however to re- 
ſume our walk, or we ſhall make 3 
too late.“ r 


William would willingly bers heard a lit- 


tle more on the ſubje& ; tor, an 
on it, a few queſtions had ſuggelted them- 
ſelves: to his mind. * conſidered, mhew' 


55'S The right bank of a river is thas which 3 is on the . 
tight hand of a perſon, who looks down the firearm. | 
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„*. No doubt they will, from what . "9 
been already FR een 2 


. 


— 


1 
89 
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— 
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the ferry-boat hes with it's fide parallel to the 
rope, the ſtream cannot move it ; but as ſoon 
as the ftream has turned the ſtern round a 
| little, it begins to advance. And, if the 
ſtern were not faſtened to the great rope, it 
would ſoon be turned fo far round, that the 
flat head would become parallel to the rope, 
and then it would ſtop. Then there muſt 
be one particular direction, in which it will. 
make the greateſt progreſs. 
His father was greatly pleaſed, to find he 
bad reflected ſo much on the ſubject; but 
told him, that he muſt acquire a little more 
mathematical knowledge, before it could be 
properly explained to him. For the preſent, 
too, his father left his curioſity unſatisfied 
with reſpe& to the falling of the ball, but 
/ promiſed to explain it to him the firſt wor 
4 . 


| | "#7 * 5 CHAP. V. 


" THE TOWER, _ 


OOO 
* Wit riAu's cur oſity was ſtimulated by 


the inſtruction his father had imparted to him. 


i: It gave him much pleaſure, to learn the rea- 


ſans of thoſe appearances, that are of ordinary 


* 
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occurrence. The greater number of mankind 
look upon ſuch things as common and un- 
uſual, without thinking any farther about 
them, or imagining, that there is any more 
ſcope for thought, William's father conſi- 
dered it as an eſſential point of the ſuperio- 
rity of a well educated perſon, not to be ig- 
norant in ſuch common things; and, in con- 
ſequence, endeavoured, as far as his buſineſs 
would permit him, to convey information 
to his children reſpecting them, whenever 
an opportunity offered. 
He knew from experience, that inſtruction 
thus opportunely communicated, when oc- 
caſion led to it, when the curioſity of the 
Pupil was excited by the object coming be- 
fore his eyes, was more intereſting, -uſeful, 
and entertaining, and both imparted and 
received with more pleaſure, than ſcientific 
and learned leſſons given in ſyſtematical 
order. Not that he deemed ſuch regular 
leſſons by any means unneceſſary; for he ob- 
ſerved to his ſon William, then ten years old, 
When you are a few years older, you will 
learn all this more regularly and fundamen- 
tally from proper books, and oral inſtruction, 
if at the ſame time you apply with induſtry, _ 


- 
t 
: 
; 


— &£ 


40. nE PLEASING -PRECEPTOR.. 


and exerciſe your on reflection, which are 
the prime requiſites to all learning. In the 
mean time, what you learn from me on our 
walks, or by our fireſide, will be, I hope, an 
advantageous and pleaſing initiation to you, 
and particularly accuſtom you early to exer- 
ciſe your own reflection; and if at any future 
time we mould live apart from each other, 
as well as when I am gone from you for ever, 
the recollection of your early years, which 
vou ſpent under the care of your parents, 
will be: ſo much the more grateful to you, 
n youll think. of me the longer, 200 — 
With the more affection.“ 5 7 „ 
Tue road our pedeſtrian travellers took 
_ led them by an ancient tower. William was 
EF deſirous of going up to the top of it, in 
order to have a more extenſive. view of the 
country round; and, as this might be done 
without danger, his father readily gratified 
his wiſh. When William had admired the 
.proſpe&t, be amuſed himſelf with letting the 
looſe fragments of ſtone, ſeveral of which lay 
-” there, fall from the top to the bottom, to ſee 
'- how long they would be in falling. His 
© father lent him his ſtop-watch for tle pur- 
| Poſe; and he found, that a ſtone took as 
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nearly as poſſible three ſeconds in N to 


the ground. 17 25 | 
F. Can you tell u me how high this tower 
15, William PI gs Fred an. 


Jv. * How: ſhould: 1 know that, father, 
without a ſtring wor. #iowgh to meaſure 
it ry” | 4 

F. .Do you not think, that you 0 
learn it's height from your preſent Fun 
letting a ſtone fall S TN. 8 

IV. «O, that is true. I have only to let 
a ſtone fall as far as it will in one ſecond, 
and meaſure that height; and then T ſhall. 
Know it would fall three times as far in three 
ſeconds. © © e NJ. 

F. Indeed you are much miſtaken. 
Thus you ſee, how eafily-we may be led into 
an errour, when we form a Judgment haſtily, 
and from a ' ſuperficial confideration «of © od 
thing. Have you any wiſh, to underſtand 
the ſubje& thoroughly? | 
V. „Ves, certainly; for 1 vo not eps to 
make miſtakes,” * * JHA 


r 
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CHAP, VI. 
HOW DOES A STONE FALL? 


F.“ What is the reaſon, that a ſtone, 
when left to itſelf, falls perpendicularly to 
the ground ? or, if it be ſuſpended. by a 
ſtring, ſtretches the ſtring in a perpendicular 
line ? or, if held on the band, preſſes upon 


it perpendicularly?“ 


V. The gravity of the ſtone.” 

F. © At leaft that is the name we give this 
cauſe, of which we know nothing, but that 
it is a power, which continually impels a 
body toward the Earth, as if the Earth drew 
the body, or attracted it toward itſelf. No- 


| | "thing 3 is more common than the action of 
| gravitation. We daily ſee bodies fall; the 


effects of this attraction of the Earth for the 
bodies upon it are for ever exerted around 
us; but for this attraction, no table, no 


| Chair, no houſe, would ſtand firm; every 


thing would be flying about in confuſion. 
It is worth our while, to gain a knowledge 


of the laws, which regulate the action of a 
phenomenon of ſuch perpetual occurrence.” 


* 
* 


= 
* 
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' IV. «I ſhould be very glad to know 
them.“ | | 

F. If we conſider a portion of time ever 


ſo ſhort, the power of gravitation, or the 


attraction of bodies by the Earth, operates in 


it. Divide a ſecond in 1magination into ten 


parts; in the firſt tenth the power of gravi- 


tation would impel the ſtone through a ſhort - 
ſpace, ſay a tenth part of the length of this 


ſtick. Now, if the power of gravitation 
acted no longer, the ſtone would not on 
that account ſtand ſtill, but would continue 
on it's courſe in the ſame direction, and with 


the ſame velocity as before; for, as a body 


at reft cannot be ſet in motion, without ſome 
power acting upon it, fo a body in motion. 
cannot be. reduced to a fate of ret, without 


ſome power oppoſing it's motion. This pro- 
perty of bodies is called vis inertie, by which 


nothing more muſt be underſtood, than the 
perſeverance of a body in the ſtate, i in W 
it happens to be.“ 


. But if] bowl a ball along the ground 


as ha rd as I can, it will at laſt ſtop.” 


unevenneſs of the ground, over which it rolls; 


the power of gravitation; which impels it 


\ 


F. „Very true; but what ſtops it? The 


— 
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toward the Earthj and cauſes it to rub againſt 


the ground as it moves along; and the re-. 
ſiſtance of the air, which is ſo much the 


all theſe obſtacles away, and your own judg- 


the ball. Conſider how long a ball continues 
rolling over a plain of ice. We are digreſs- 


: ing. however, from our ſubject. To return 


to it, if a ſtone received merely the firſt j im- 


pulſe from the power of - gravitation, it 
would continue fallin + till it came to the 


ground; and in each Vnth part of a ſecond 


of time, it would All through the fame 


ſpace; ſo that in one ſecond it would fall 
3 ſuch — 8 | 


V. * Thats clear.“ CRT REA. 5 
F. But as the 3 3 dation 0 con- 
tinues to act with equal farce on the body, 

it gives the body a-freſh impulſion every in- 
Rant, ſo that in the ſecond tenth part of the 
ſecond it would fall through two ſuch ſpaces, 
in the third through three, in the fourth 
through four, and in the laſt or tenth part, 
conſequently, through ten ſuch ſpaces. gl 
you a clear comprehenſion of this, too? 
73 , „ 


greater in proportion to it's velocity. Take 
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F. No cannot you calculate how many G 
ſuch ſpaces the ſtone muſt fall through in 
ohe ſecond ? You have lately wee how 
to find the ſum of a ſeries in arithmetical 
ptogreſſion, without adding together the fee. 
vetal members of the ſeries; though” cht 
would not be difficult in ſuch an eaſy exam. 
PE 5 
. „ Thave only to add the firſt and . 
members together, namely, 1 and ro, Dis 
tiply them by half the number of mem 
that is by 5, and the - e 38. 
Conſequently in one ſecond the ſtone will 
fall through fifty- five tenths of the length of 
the ſtick, or a ſpace equal to five times' the 
length of the ſick, and half r of 
the ſtick over?” | 5 

F. * Well, what will Flow 3 in the next 
ſecond of time, which we will divide into 
tenth parts likewiſe. I fancy you are now 
able to calculate this yourſelf.” 

W. < In the. firſt tenth part the f 
will fall through 11 ſpaces; in the Al 
through 12, and dag ou, til in Auen laſt it wall 
fall througW2o;” 

F. | And' ws will bo the | le ſpace 

vt ONE. TS 


101: 6x 


por 
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it will fall through in the ſecond ſecond of 
time | thy | 
W. © That may be 3 as ; before. X 
add 11 to 20, 1 ſhall have 313 and if I mul- 
tiply 31 by .5, the ſum will be 155. So that 
in tbe ſecond ſecond of time the ſtone will 
fall through 155 tenths of the ſtick, or 15 
times and half it's whole S 
F. Now take out your pocket bock, 
and | calculate the fall for a few more ſe- 
conds on the ſame Principle.“ | 


f 


I. "BT BI. 
1 


$a - calculatgy] in nd ef ©! 
For the ] 3djqth 5th 6eh 7th [8th lothf ith 
A pace | 6: 2 — * — ai 9 gt ; 
added together N 71 afp 57 Dios 
e e ig $555 5 we Bay 
Product 25555455 5551655 {755185 5| 95585 


oO , * 'Your laſt line, yo know, confi ſts of | 
tenth parts of the ſtandax we have aſſumed; 
now write down all the ſhaces, from the. firſt 
ſecond to the tenth, in whole number and 
rations,” th wy 


FO 


Ei 


Ken William W 


12 — ts; i 5; 3 


C 
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F. „ Inſtead of dividing the ſecond into 
tenth parts, we might have divided it in 
imagination into hundredths, thouſandths, 


or ſtill ſmaller parts. The ſmaller we had 
taken the parts, the ſmaller the fractions an- 


nexed to the whole numbers wouid have 


been, as you will quickly find, if you make 
. the trial; and if we had taken the parts in- 
finitely ſmall, the fractions would have been 
ſo ſmall, that they might have been conſi- 
dered as nothing. If then we reject the 
fractions, we ſhall have the whole numbers 

5, 15, 25» 33, 45, 55» 65, 75, 85, 953 
and as all theſe are diviſible by five, we ſhall 
find, on dividing them by this commonydt- 
viſor, that they are to each other as the add 
numbers, .; - * age gg Fe. 

1, 3» 5» 77 95 11 13. 16, 17, 19. FIT 

William had already obſerved this, while 
he was making his calculation, an was much 
Pleaſed with the diſcoyery. 

F. Now what law have y we found for the 
falling of bodies??? 

FW. „ That the ſpaces, $ ich a body falls 
through 1 in every ſecond of time, increaſe 
in the tatio of the odd numbers.“ 


- #. We have only to find, therefore, 
'  W'S 
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how: far a body falls in the firſt' ſeeond, which 
may be done pretty accurately by experi- 
ment; and in this way it has been found, 
that the ſpace a body falls through in a ſingle 
ſecond of time is about fixteen feet, or ſix- 
teen feet.and an inch. Hence, if you take 
ſixteen feet for the ſpace paſſed through in 
the firſt ſecond of time, you may eafily cal- 
culate- the: ſpaces fon the ſucceeding ſeconds.“ 
William wrote down the ſpaces in his 
pPocket- book, beginning with 16, and mul- 
taplying. this number according to the ſeries, 
| Girſt by three, next by five, and ſoon. Thus 
. ke obtained the following numbers in feet. 


356748 10 
n=" a5 N. 1 176 KA TELLS 

in doing this, he perceived, that the fe- 
| ries might eaſily be calculated, by adding at” 
each ſecond 32 feet to the ſpace gone 
through in the preceding. 

F. We will now compare the whole 
time, and the whole ſpace of the fall toge - 
ther. H a ſtone in the firſt ſecond fall 
through a given ſpace, and in the next 
chree times that ſpace, how far will it have 
fallen in the two ſeconds ?? 
„ Through four lines the ſpare of te 
— e 


38 


THE PLEASING /PRECEPTOR. = 
F. „ And if in the third ſecond it fall 
through five times the ſpace, how far wall 
it bave fallen in three ſeconds? 

V. Through nine times the ſpace.” | 

F. Well, take your pocket - book, write 
down theſe numbers, and go on with mow 
calculation for ten ſeconds.” X 


William 17409 | 


100 WY 13 
Spe om yo] 155 Abbe... 


F. What do you OC | 


bers d 
. © The ſpaces are the qures af the 
ſeconds.” “ 
F. No, to expreſs the ſpaces in feet, 
we mult multiply them by 16, the num- 
ber of feet a body falls through in the 


firſt ſecond. Thus you have arrived at the 


means of anſwering the queſtion, which T 
put to you at the beginning; aud I imagine 
the anſwer you will give me now, will be 
* different from what = gave me then.” 


The ſquare of a number is the product of chat | 
number multiplied by itſelf ; as 16 is the ſquare of 4, 
being the produ of 45 multiplied by 4: and the 
oumber ſo multiplied is called the ua root of the 
product; chus 4 is the ſquare root of 16. 


9 8. 
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N. © If the ſtone were three ſeconds in 
falling to the ground, in this time it would 
fall through nine times ſixteen feet, or 144 
feet, ſo that the tower muſt be 144 feet 
high.“ | 

F. © This it would be exactly, according 
to the laws of falling bodies, which we have 
_ diſcovered ; but you muſt never forget, that 
theſe will only give you an approximation 
to the truth, for the air reſiſts the falling 
of bodies, and this in proportion to the ve- 
locity, with which they fall. From this cir- 
cumſtance, a ſtone will be ſomewhat longer 
in arriving at the ground, than if it fell 
through a ſpace void of air. In denſe bo- 
dies, as a ball of lead, this difference is much 
leſs, than in ſuch as have little weight in con- 
ſiderable bulk, as a piece of light wood, a 
ſponge, or a hollow globe of glaſs. The 
laſt would be greatly retarded in it's fall.“ 
© WW. ] have often remarked, that x fag 
ſtone falls faſter than a ball.“ 

F. © In the air it does; yet in a 3 
deſtitute of air both would au with equa) 


velocity.“ 
. * But how can we make a place to 


have no air in it?” 


1 F 
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F. There is a particular machine for this 
purpoſe, called an air pump, which I ſhall 
hereafter ſhow and explain to you. In the 
mean time I have a queſtion or two more 
to aſk you, that relate to our preſent fub- 
ject. | 38 
„ What velocity will a body acquire in a 
given time, ſuppoſing it to fall freely ? 

This queſtion, however, is too difficult 
for you to give it a direct anſwer; we will 
therefore divide it a little. Suppoſing the 
ſecond of time to be divided into tenth 
parts, as we did at firſt, how many ſuch 
ſpaces, as the falling body paſſed through 
in the firſt tenth part, does it paſs through 
in the laſt tenth part of the firſt ſecond * 
e 

F. « And if it continued 't6 move with - 
the ſame velocity, receiving no freſh impulſe 
from the power of gravitation, how many 
would it paſs through in the next ſecond d 

V. “Ten times ten, or a hundred.“ 8 

F. No in the firſt ſecond of time, you 
remember, according to our calculation, it 
fell through 553 ſo that if we had taken 
our diviſions of the ſecond fo ſinall, as that 
we might have rejected the fractional pts, 


04 l 
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we ſhould have found the ſpace paſſed 
through in the ſecond ſecond of time, deuhle 
Mos of the firſt.” | 
| 6 That.j is clear,” ” | 

| F: But if the pawer of gravitation had 
ſuddenly ceaſed to act at the end of the ſe- 
.cond ſecond of time, would not the body 
have fallen through 20 times 20, or 4⁰⁰ 
ſpaces, in the next two ſeconds?” 
V. * Certainly ; for in the laſt tenth part 
of the ſecond ſecond gf time, it would fall 
through 20 ſpaces.” | 
F. “Then, as at fell through 50 in the 
firſt ſecond, and 10 in the next, conſe- 
ae 200 in the firſt two ſeconds, the 
ſpace through which it falls in the ſecond 
two is double what it fell through in the 
firſt two, as in the former caſe.” | 

H So I perceive,” nen 

K+ And, if, we proceed with. our inveſti- 
gation in the fame manner, we ſhall find, 
that, at the end of any given time, a falling 
doch will beye acguired ſuch 8 velocity, as 
Fould carry it chropgh double the ſpace in 
anenval portion of time. 2224 Bl 
1 Som may fn doc e Mp: the 
| firſt ſecond?” | | NH Ig I'd 


* - 
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V. Sixteen.“ bY Dll 300 871 
F. © What then is it 8 daa or at the 
rate of how many feet in a ſecond would it 
move at the end of the firft ſecond ah 
IV. © Thirty-two feet in a ſecond “. 
F.. How many feet does it fall in the era 
wy ſeconds ?”? 
« Four times fi FO A » | 

5 « Then what is it's velocity at the end _ 
of two ſeconds ?”* | — 

M. Four times hinten bs feet in two 
Goals or twice thirty-two feet in one 
ſecond.”? 

F. « How many bes will it fll in thee 
ſeconds ?”? 

Nine times Aaken et * 

F. And it's velocity at the - 
ſeconds is—2 e- Is 

V. Nine times pes 25 in three 
ſeconds, or three times iny dye feet in one 
ſecond.“ 

F. “ Are you now aware of the e 
rule for finding the velocity d 

W. If we multiply double the ace 
of the fall in the firſt ſecond, or thirty-two 
feet, by the number of ſeconds, we "frat! have 
the Pt as acquired by the falling body, os 


2 5 
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the ſpace it would fall through in each ſuc- 
ceeding ſecond, if the power of gravitation 
did not continue to act upon it. For in- 
ſtance, in three ſeconds it will acquire a ve- 
locity of ninety-ſix feet in a ſecond.“ 


4 — 
* . 

char vn. 
ux SKITTLE-GRQUND. 


Father. © We have lately inveſtigated the 
laws, William, according to which a body 
falls to the ground, when it can fall freely, 
that is, perpendicularly, and without hin- 
drance. - Let us now conſider the deſcent” of 
a body on an inclined plane. For example, 

*. how does the bowl roll do:un the run of a 
Meittle-ground ? In order to find this, we 
will draw the following figure. 


Let AC be the inclined ſurface of the 
run: A B, it's height: B C, the baſe, or the 
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in e the run would make if it were hori- 
zontal; and D, the bowl. Suppoſe, if the 
bowl were free to fall, it would fall - perpen- 
diculaily i in a given time through the ſpace 
D G by the power of gravitation. This line 
D G, then, may repreſent the power of gra- 
vitation at the commefcement of the motion 
of the bowl. What think you - WIII not 
this power be in part diminiſhed? ? 
V. «Certainly; for if the run were hori- 
zontal, it would be completely -deſtroyed'; 
but, as the plans is CE it will be ſo 
only in part.” DA AM 

F. Cannot you he this alittle more 
clear by the reſolution of the power? . 
P. We muſt reſolve the power D G 
into two, one of which will be W de- 
ſtroyed, the other remain... 15 
F. very well ; go en.... 
. «< The firſt, deren muſt A per- | 
Bia, to the run, as DF, which will of 
courſe be deſtroyed by the reſiſtance of the 
run; the other D E muſt be in the direc- 
tion of the run, ſo this will have nothing 
to obſtruct: it“ eig Ah 
F. Then the abſolute Wit of ths 
bowl, wil be to it's relative gravity, ſo we cali 
: e 


* - 


„„ - TB PLEASING, PRECBPTOR. 


; by which a body is impelled along 
Wr &D G:joDE.” 
F. « Evidently.” 
AN Now gonſſder the triangles D E . 
and A B C, you will find they are ſimilar; for 
the angles A and Dare the oppoſite angles of 
angles E and B are both right angles. You 
have made ſufficient progreſs in geometry to 
Underſtand this, and to infer from it a pro- 
Portion, which may be of ſervice to us. 
V. © It follows, that D G mult be to 
D E, as AC to A B.“ ou 
J. What may we infer from this?” 
NV. e That the abſolute gravity is to the 
talative, as A C to A B; that is, as the 
length af the inclined plane to it's height.“ 
F. © Now ſuppoſe: the inclined plane were 
32 feet long, and 8 fect high, how many 
feet would the ball roll dow in the ah 
ſecond of time?” 
„. As the height is exaRily e 
part of the length, it would deſcend a fourth 
part of the ſpace it would fall through, it 
free, in the firſt ſecond of time; that is a 
fourth part of ſixteen feet, or juſt four feet.” 
. I need not remind. you, that tbe 
1 
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proportions would remain the ſame in the 
ſecond, third, fourth, and following ſeconds. 
For if D G repreſent the fall in the ſecond 
ſecond of time, or forty-eight feet, DE 
would repreſent the deſcent on the inclined 
plane, which, according to the meaſures we 
have aſſumed, would be twelve ſeet. What 
ſpaces therefore would the bowl deſcend 

through in each ſucceſſive ſecond ? 

V. © The ſpaces 4, 12, 20, 28, 36, 444 
and ſo on. To carry the ſeries further, we need 
only continue to add 8 each time.” 

F. „ And what would be the ſpaces 4s. 
ſcended through, n from the * 
ning? : 

V. 4, 16, 36, 64, 100, 144. To con- 
tinue the ſeries, the number of ſeconds muſt 
be multiplied by itſelf, and the prod ct, or 
the ſquare of the time, muſt be multiplied 
by the length of the deſcent in the firſt 


ſecond.” 
F. „ You ſee, then, that the 1. of "mu 


ſcent remains the fame, as when a body falls 
freely: hence you will find no difficulty to 
tell-me what velocity, the ou mut have at 
any given inſtant. We 

W. < In this dale) as in that of a body 
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falling freely, we muſt multiply the number 
of ſeconds by double the deſcent in the firſt 
ſecond; in our example, therefore, by eight. 
For inſtance, the velocity acquired by the 


bowl on this plane in three ſeconds would 


be that of twenty-four feet in a ſecond,” 
F. «© Conſequently, in the caſe. we: are 
conſidering, it will always be the fourth part 
of the TOY or a Sie falling en | 
larly. | 
5 Now let us inquire, an ne 
time the bowl would take to deſcend down 

the inclined plane from A to C, than to fall 
perpendicularly from A to B. | 

« We formerly found the height of a per- 
pendicular fall, as you may remember, by 
multiplying the fquare of the time by ſixteen: 
the ſixteenth part of the height, therefore, 
muſt be __ to the + gag of the nn: 
muſt it not?? | 

WV. That is obvious.” 2 
F. „And we found: the. deſobiit t on our 
inclined plane by multiplying the ſquare of 
the time by four: ſo that the fourth part ot 
the · deſcent muſt be equal to the er of 
the time.” eb Nun 


c 


„. That is equally. clas. RN 
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F. © In our figure, therefore, we ſhould 
find the ſquare of the time, in which' the 
bowl would fall through A B, if we expreſſed 
AB in feet, and divided the number by 
ſixteen, or took the ſixteenth part of A B. 
„And the ſquare of the time, in which 
the bowl deſcends along A C, if we took the 
fourth part of A C. 

« But in our figure A C is juſt four times 
as great as AB: how many times; then, 
muſt the fourth part of A C be greater than 
the ſixteenth part of AB?“ 

V. That may eaſily be PIES: In 
equal lines the fourth part of one would be 
four times as great as the ſixteenth of the 
other; but as A C is four times as great as 
A B, the fourth part of A C muſt be juſt 
ſixteen times as goes! as the fixteenth yd * | 
AB.“ | 

$5.9 4 not this the ſame thick, in othef 
words, as to ſay, that the ſquare of the time 
in which the bowl deſcends along A C, is 
ſixteen times the ſquare of the time of it's 
falling from A to Bo: f 

V. « Certainly.” N 
F. But if the ſquare of one el be 
ſixteen times as great as the ſquare of ano- 
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ther, how many times as great as the ſmaller 

number itſelf would the larger number be ?” 
P. Four times as great 
F. „ What have we found then?“ | 
JF. „That the bowl would take four times 
as long to deſcend from A to C, as to fall 
from A to B. 

F. © Very good. But again: „a did we 
find the velocity which the bowl acquired in 
grein from A to C?” 

W. We multiplied eight feet by the 

number of ſeconds, which it 9 to do- 

ſcond from A to C. 

F. « And how ſhould we find the ; 
it would acquire in _ ny 
from A to B?” N 

. By multiplying 32 ber by the num- 
ber of ſeconds it would be in falling.” 

F. Do you remark E particular 
ure, 

N. ges Theſe W are equal: 
for 8 foet is juſt a fourth part of 32, and 
on the other hand the time of deſcending 
from A to C is four n wm Wen _ 
from A to B.“ 

F. „ Hete then we aka Alronered'! an 
important law : d body deſcending an an n- 


elined . acguines, al ever point, the 
ſame telocaty, which it would have. atquired, 

Vit had fallen thraugh-a./pace equal to the 
„ height of tlie point, whence it 
began to deſcend, above the Hoink, at * 3 
is arrived. 

« We will deduce a corollary or two from 
this law. _ 

In the firſt place, the velocity, which 
the bowl acquires, is uniformly the ſame for 
a given perpendicular height, whatever may 
be the inclination of the plane down which 
dN —— — anne 
For example, the 1 would acquire 
juſt the fame velocity, whether it rolled down 
A C, in the figure following, or the leſs ſteep 
inclined rent A D. TIL, 


« 15 this Gear to you . —_ 
| V. « Yes; for in each * it's velocity 
muſt be the ſame, as it would have acquin 


in falling perpendicularly from A to B. 5 
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F. < Secondly; the velocity of the boy] 
will be the ſame, whether it roll down 2 
ſingle inclined plane, or one compoſed of 
ſeveral with different inclinations.” For ex- 
_ ample; let us draw the following figure. 


ce. Fon, if the bow! roll from A through 
C to F, it will have acquired the ſame velo- 
City, as if it had fallen perpendicularly from 
A to D. And it would acquire preciſely the 
ſame velocity, if it rolled from A to C, and 
from C to G; for, as we ſaw in the preced- 
ing inſtance, the ſame velocity is acquired in 
deſcending from C to 0. as in W 8 
from C to F. 

e need not obſerve to you, that the 
concluſion will be exacthy the ſame, whether 
two planes, or ſeveral, with different inclina- 
"tions, ſucceed each other; and Whether the 
firſt or laſt plane be the more ſteep. m_ 


4 
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This is juſt the fad in the flope of the 
ſcittle ground, which rarely has the ſame: in- 
clination throughout, and it's inclination is 
ſtill moe by the 8 direction the 
bowl ee”, EA | | | 


| CHAP. VIIL. 
n BA T. 


WI eagerly defirous of improving 
his knowledge, reminded his father, that he 
had promiſed to explain to him the throw- 
ing up of the ball. 


* I am almoſt afraid, that the leſſons William has here 
received from his father, on the phenomena of gravita- 
tion, may appear a little dry to a few of my readers 3 
yet they were neceſſary previous to ſome of the fol- 
lowing articles: I have delivered them in ſuch a way, 
as not to be above the comprehenſion of a youth at all 
accuſtomed to reflection; and I have too good an 
opinion of my young readers, to ſuppoſe them deſirous 
of being amuſed merely, without being inſtructed. A 
little reflection, a little application, my dear young 
friends, -muſt not frighten you, if you would acquire 
uſeful knowledge. Believe me, the acquiſition of 
knowledge will amply reward you, for all the exertion 
Arg may OY in it's Aue | 


3 
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Father. © That I can now do in a ſhort 
way, or rather you can do it yourſelf, ſince 
T have explained to you the laws of gravita- 
tion. Suppoſe you are ſtanding at A, in the 
figure annexed, and throw your ball ſtraight 
toward C, would the ball be affected by the 
force of your hand alone?“ 

. © No; but by the power of gravita- 
tion too.” 

. « Suppoſe. the force of your land 
3 impel the ball in one ſecond as far as 
F, what will the power of prin, do in 
* mean time? 

V. „Depreſs it 16 feet * sei 
F. * Accordingly, it will not be impelled 
from A to F, but to M. And if your hand 
would impel it as far as C, which is twice 
the diſtance of AF, in two ſeconds, boy 


'THE-PLEASING.PRECEPTOR. 4. 


would the power of enn act upon it 
in this time?“ 

V. It would ref it four times ſixteen 
feet, that is ſixty- four feet. 

F. “ Conſequently it would not arrive at 
C, but at B; thus, if C be ſixty- four feet 
high, reaching the ground. If you draw the 
figure larger, you may divide the line of 
projection into more equal parts than I have 
done here, and thus obtain the curved line, 
which the ball deſcribes in paſſing through 
the air. Thus, the ball impelled by the 
hand alone would reach the point I, mid way 
between A and F, in half a ſecond; and in 
the ſame time the power of gravitation would 
depreſs it one-fourth of ſixteen feet, that is four 
feet: Theſe four feet being ſet off on the per- 
pendicular I H, we ſhould find the point N, at 
which the ball would arrive in half a ſecond.” 
V. Might we not draw the curve line: 
with a pair of compaſſes 7 * 

Asa: it is a line of a different kind; 
from that of the circle, with the properties _ 
of which I ſhall hereafter make you acquaint 
ed, when you have advanced farther in the! 
ſcience' of geography, for which, to my great 
fatsfaQtion, you ſhow ſo much aptitude; A 
preſent I ſhall only tell you the name of, this 


„ 
- 
\ * 
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curve ; it is called a parabola, But will the 
ball proceed in fact preciſely in this line?“ 

N. „Probably the reſiſtance of the air 
will make ſome alteration here too.” 

F. © It will; and a very perceptible one. 
Hence experiments of this kind will neyer be 
found to coincide exactly with the calculation. 

By this time, I imagine, you are able 
to perceive, why a ball, when thrown ſtraight 
upwards by a perſon ſailing in a boat, or rid- 
ing in a carriage, falls down into his hand 


Again, = well 7 as if the perſon ſtood on the 


ground. 
. The ball in this caſe is ated upon 
by three powers: by the hand, which impels it 


directly upwards; by the boat, which impels 


it horizontally; and by the power of gravita- 


tion, which acts upon it perpendicularly.“ 


F. « Right. Suppoſe then that the hab, 
in A impels the ball with a force that would 
mike it aſcend perpendicularly 32 feet, or, 


to E, in one ſecond, and that the boat 


moves from A to G in one ſecond; theſe 
two powers, A E and A G, acting on the 
ball, would carry it through the diagonal 


line A F: in the mean time the power of 
Savitation would depreſs it to M. where it 


wald be in the middle of the n and 


—_ wood os 
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at the end of the throw it would be brought 
by. the joint-a&ion. of theſe three powers to 
B, whither the hand would be brought at 
the ſame time by the boat.” 

V. Now I underſtand very _ why the 
ball fell before me, when I threw it a little 
forwards.” 3 


"CHAP. Xx. 
8 SHOOTING AT A MARK. 

cc. To-pav there i is to be ſhooting at 2 
target, and at a wooden bird,” ſaid William 
eagerly to his father one morning. 

F utile, Lou ſpeak as if you would wil. 
lingly go to ſee it; do you not??? 

VP. If you will give me leave, father.” 

F. <: Very, readily, William, under one 
condition, that you keep cloſe by my fide. 
You may imagine, that it is an exerciſe not 
unattended with danger; and it is much to 
be wondered, that we do not more frequently 
hear; of aggidents occurring at it; for ſomes. 
times the,places choſen for the putpoſe ace 

very near gardens and public roads, ſo that 
the balls have paſſed over the heads of peo - 

ple going by, as once happened to myſelf ; J 
and children are apt to run very . heedleGly | - 
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near the target! Fou, J expect, will take 
care of yourſelf; for though I would by no 
means have a boy afraid of a gun; or run 
away when he hears one difcharged, I can as 
little ſuffer giddineſs and imprudence with re- 
ſpe& to fire-arms. In one of your Latin leſ- 
ſons lately you read an anecdote of Diogenes, 
which, I preſume, you will not think of 
imitating. Do you remember the ſtory, to 


which Iallude?” 


IW. „ Yes. Diogenes, freeing an unſkilful 
ſhooter, exerciſing with the bow, went and 
ſat down cloſe to the mark. One of the by 
"ſanders calling out to him, and aſking why 
he placed himſelf there, Diogenes anſwered, 
© That the arrow might not hit him.“ 

F. Let me obſerve to you, on this oc- 
caſion, the philoſopher did a mad action; in 
order to have an opportunity of making a 
_ witty ſpeech. mm _ his 


example,” " 


William, delighted with the TER of the 
pleafure he expected to enjoy in the after. 
n don, was withdrawing to his regular ſtudies, / 

when his father obſerved to him, that the” 
afternoon's diverſion would afford Him an op- 
portunity of propoſing has ane ee 
hi forr to reſolve; | wi 
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That will give me ſo much the more 
pleaſure,” anſwered the good youth. 

Accordingly, when the afternoon arrived, 
Mr. Goodwyn repaired with his ſon to the 
field. Several (ſhots miſſed the mark; when- 
ever one hit it, the ſound of the drum an- 
nounced it to the ſpectators. The drum 
beat, likewiſe, previous to every ſhot, as a 
warning to. the company, to keep themſelves 
out of the way of danger; but this was far 
from ſufficiently heeded by many. William 
kept cloſe to his father, in a place perfectly 
ſafe, and enjoyed the ſhooting, the muſic, 
and the fight of ſuch a concourſe of people, 
aſſembled on a fine day to partake in the 
general feſtivity. Piece after piece dropped 
from the wooden bird, which was placed at 
the top of a high pole; the diverſion ended 
with the approach of night; the crowd gradu- 
ally diſperſed; and William returned home 
with his father. 

* Would that powder and hot were never 
more to be employed, but for amuſement !”? 
exclaimed Mr. Goodwyn: © that balls hence- 
forward were to. pierce. only targets and 
wooden birds, not kill or wound men!!! 

I cannot think how men ſhould ever 


vor. I, eien 


* 


THE PLEASING-PRECEPTOR. 


5. 


go for ſoldiers, and make war * one 
another, ſaid William. 


F. „Do not be too haſty in your Judg- 


ments, William; a- ſoldier, confidered in a 


Proper light, is an uſeful member of ſociety ; 
and war, with all it's horrours, has it's good 
effects, though in moſt caſes I am far from 


it's advocate. Of this, however, another 
time. But now tell me, have you feen any 
thing, which you are deſirous of n ex- 
plained?” | 

On the preſent occaſion objects had fo 
crowded upon Wilham's eyes and cars, that 


_ theſe almoſt alone had been employed, and 


he confeſſed, he could think of —_— that 


he had to aſk his father. 


F. „This is juſt what 1 expecved, my 
dear William ; and therefore I ſhall put one 
or two queſtions to you, on which you may 
reflect, and conſult your books, till morn- 
Hoy is it, that, when good aim is taken, 


and the piece is held firmly, the ball hits the 
mark? ; 


'* How is it, that gunpowder ha fuch 
great force ? of what is it made ? and when 
A 5 


cc 


% 
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At the firſt queſtion William looked on 
his father with a ſmile; as much as to ſay, 
« a very puzzling queſtion truly! To the 
ſecond he mat to find an N in ſome 
or _ books. j; K 1 


CHEAP. X. 


* 
W 


THE RIFLE-BARRELLED GUN. 


Father. 40 WII, William, are you ready 
with your anfwers to the queſtions I put to 
you yeſterday ?” ? 

William, © Only in part. If you had aſked 
me, why, when good aim is taken, and the 
piece is properly fired, the ball ſometimes 
miſſes the mark; I ſhould have anſwered, 
becaufe the gun was not well made..“ 

F. Let us then conſider the queſtion; 
as I put it to you yeſterday, a little more 
coſtly. What is it a man does, when he 
takes aim at an object with his gun? Tou 
know I have already allowed you to ſhoot 
with one ſometimes, as I would have you 


learn hew'to handle fuch a thing, and to 


manage it with prudente. f 
FH D 2. . 
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N. < He places his eye behind the groove 
in the breech of the piece, and levels the 
barrel ſo that the ſight, or knob near the end 
of it, and the object be wiſhes to Kits are 
both in a direct line with the groove. 

F. „The barrel, then, is pointed in a 
direct line to the object? 

VP. „ Certainly.” 

F. And ſo the ball, when the gun is 
fired off, will 7 in a direct line to * ob · 
Jed | 2” 4 In 

VF. To be 1 and n n hit 
it, if the gun be not moved out of it's direc- 
tion 1n pulling the trigger.” 

F. © But I ſhould have chouiht, + that the 

| Power © of gravitation would act upon the ball 

in it's courſe, and depreſs it, ſo that 1 in ſuch 

a caſe it would not hit the mark, but fall 

- far below it. Have you forgotten the con- 

verſations we have lately had on the ſubject 
', of gravity : * 

N. O no. But the force of the power 

5 fo great, that the power of gravitation can- 

not depreſs the ball perceptibly out of the 

right line, as it flies with ſuch velocity. The 

moment we hear the report of the gun, we 


| ce bal has bit che tape”? 
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« Juſt ſo have J heard others expreſs 
| Fawn vn and indeed perſons who might 
be ſuppoſed to underſtand: the ſubject, as 
they ſcarcely paſs a day without having 4 
gun in their hands. In you it is very ex- 
culable. But then how 1s it, that, when the 
piece is well aimed, and properly fired, the 
ball ſometimes flies over the mark, not under 
it? and how is it, that the ſame piece, well 
fired, and with preciſely the ſame charge, at 
a certain diſtance hits the mark, at a greater 
diſtance ſhoots vader it, and at a _ yore 
over it?? | 
W. 1 Ji not know, but no doubt you 
can tell me.” 

F. «© You muſt be aware; n that, 
if the ball proceeded in 4 direct line to the 
mark, it muſt hit it at a leſs nee as well 
as at a greater,” e 260. 1; 04340 © 
N. Ao be ſure. “?! „ ot | 

F. But it has been found 6 3 
experiment, that, with a good rifle · barrelled 
gun, and the uſual charge of powder, which 
is about the fifth part of the weight of the 
ball, if the barrel be levelled directly at the 
mark, the ball will paſs about à foot below 
* ſuppoſing the mark to be at the Ae 
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- of fifty yards. What _—_ we infer fron: 
this?“ 

N. < That the power as Suben has 
depreſſed the ball thus much; and that con- 
ſequently the ball, in paſſing through the 
air, has deſcribed that curve line, which you 
lately called a parabola.” . 

F. No let me atk, muſt the barrel be 
levelled directly at the mark, if you would 
hit it ?” 
| W. No: but — 

F. „ Tell me, then, how it muſt be 
levelled; and what is done in taking aim. 
Here, look at this gun, examine it attentively, 
particularly the breech and the f 8. What 
| 1 

. * That the devo 18 bigher than the 
bebt 2 | - 

F. « It is ſo; for the barrel of en 
thicker at the breech than at the muzzle, fo 
thut the ſight is Heater to the xxis of the bar- 

rel, br a ane, * through * 
centre.” 

„ * Now, 1 believe, the difkculty is ab 

| erden ved." ty 1 M lite 
N Lein peace to explain it, Let 
* es O in the figure, ers 14 
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edge of the breech at V, the fight at K, the 
mark, or centre of the target, at Z. Now © 
#OVKZ be in a direct line, and, as we 
will ſuppoſe here, in a horizontal one, the 
axis of the barrel will not lie horizontally, 
but inclining a little upwards, fo that the 
ball, if it proceeded in a ſtraight direction, 
would arrive at L, but, being acted upon 
by the power of gravitation, it proceeds in 
the curve K S Z, and thus hits the mark. 
In the ſame manner, when the piece is diſ- 
charged from P at the bird on the pole in Q. 
the end of the barrel is directed higher, 
toward R., and the m As 
from P to Q.“ 
VV. © I now perceive, alt . 2 
given charge, can carry true only at a certain 
diſtance; for if the target be nearer, as at X, 
the ball will be above the line of aim, O Zz, 
when 1t reaches the diftance of the target, 
and conſequently will paſs over the mark; 
and if the target be farther, as at T, the ball 
will be below the line, and" gals uniler . 
mark.” 
F. How then ſhould we manage, to 
adapt a gun to a greater diſtance, or a leſs?” 
IF. For a leſs diſtance the fight _ be 
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made higher, that the path of the ball may 
deviate leſs from the line of aim, and inter- 
feQ it ſooner ; and for a greater Giſtance the 
ſight muſt be made lower.” | 
F. © The ſame purpoſe may be effected 
by a moveable fight, which is to be drawn 
back, or nearer to the eye, for the ſhorter 
diſtance ; ſo that the axis of the barrel may 
form a more acute angle with the line of 
aim, and the ball, in conſequence, - deviate 
leſs from it. For a remoter diſtance, on the 
contrary,” the ſight is to be puſhed farther 
forward. This, however, can be of little uſe, 
except in ſhooting at a fixed mark, the diſ- 
tances of objects in the field too frequently 
: varying, and often not allowing the thooter 
ſufficient time -for fuch adjuſtments. To 
ſhoot well, therefore; a man ſhould be a 
good judge of diſtances by the eye, and take 
his aim a little above the object, when it is 
beyond the diſtance for which the fight of 
his piece is ealculated, and proportionally 
below. it, when the object is at a ſhorter 


. diſtance.” 
£ * 79 | 4 
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CHAP, XI. 


GUNPOWDER, 


Wix reſpe& to the invention and com- 
poſition of gunpowder, William could only 


find, that a monk, of the name of Berthold 


Schwarz, in the fourteenth century, was ſaid 
to have pounded together ſome. ſaltpetre, 
ſulphur, and charcoal; that a ſpark from his 
candle accidentally fell into the mortar; and 
that the mixture from this caught fire, and 
blew the ſtone, that covered the N up 
into the air. 

Futler. * This was long the current opi- 
nion: but it is now known, that the inven- 
tion muſt have been much earlier - Roger 


Bacon, who was born in 1214, and died in 


1294, and was deemed a conjuror by the 
ignorant people of thoſe days for the great 
ſuperiority of his knowledge, has a much 


| ſtronger claim to the invention than Schwarz; 


for in his works the compoſition of gun» 
powder is deſcribed, though in an enigmati- 


cal manner, no doubt from an apprehenſion / 
of the miſchievous purpoſes, to which it might 
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be applied. But even in the twelfth” century, 
which was prior to the birth of Bacon, gun- 
powder was uſed in the mines of Goſlar, in 

the Harze, to blow up rocks; and in the 
year 1200, the ſon of Henry the Lion em- 
ployed it to blow up the walls of a fortreſs 
at the ſiege of Tyre. From the thirteenth 

century it was applied to the purpoſes of 
dar; though at firſt only for blowing up 
walls, as at the ſiege of Algeziras in 1341. 
The practice of ſhooting ſtones and balls to 
a diſtance with it ſeems to have been firſt 
adopted in the middle of the fourteenth cen- 
tory. In the year 1346, at the battle of 
Crecy, the engliſh ufed a ſort of cannons, 
Which were then called thunder-boxes. At 
the end of the fifteenth century it was em- 
| ployed for mines. Theſe are ſubterranean 
paffages, <nding 1 in a chamber, which is filed 
with powder, in order to blow every thing 
| over it into the air. We read, too, of muſ- 
k, kets, arquebuſſes, and piſtols, in tlie fifteenth 
cetttory; but, you may ſuppoſe, they were 
not then brought to ſuch perfection, as they 
are at preſent· In China gunpowder is Wie 
to have beun known much earlier than it'was 


m Eurbpt; ; nll e ee, dee 
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ledge of it was brought from this countgy 
into Europe by the Arabs.” _ 

V. < Horrible invention! How many 
men have been killed, mangled, and crippled 
by it! Do not you remember the poor ol 
| ſoldier, that we ſaw begging the other Jo 
with only one arm and one leg? 

F. I do. Yet, before powder, and balls, 
and bombs, were invented, wars were full 
more bloody. Let us hope, that a time will 
come, when war will only be read of in haſ- 
tory, not known by experience: yet neither 
I, nor you, probably, will live to ſee the 
time. KO | | 
« To return, however, to the compoſition 
of gunpowder, of which I will give you ſome 
account. The ſeveral ingredients you juſt 
now mentioned. Formerly it was uſual to 
compound them in different proportions, a- 
cording to the pieces for which the powder 
was intended: as for mortars, 100 parts of 
faltpetre, and of ſulphur and charcoal twenty- 
five each; for great guns, 1 00 parts of ſaltpetrez 
fifteenof ſulphur, and eighteen of charcoal; for 
fmall arms, 1 oo parts of ſaltpetre, eight of ſul⸗ 
Phur, and ten of charcoal. Of theſe the 
firſt makes the weakeſt, powder; the laſta the 
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ſrongeſt. Now, however, it is uſual to make 
one kind of gunpowder for both great and 
ſmall arms; and our proportions are ſix 
parts of ſaltpetre, one of ſulphur, and one 
of charcoal. 

Theſe ingredients are ground together 

in mills to a very fine powder, which is called 
meal- powder: this is moiſtened with water, 
and made into a ſtiff paſte; and this paſte is 
forced through wire fieves, which give it the 
form of grains, or corns. In this ſtate the 
powder is carefully dried; after which it is 
put into a barrel, which it fills only in part, 
and the barrel being turned round for ſome 
time horizontally, the corned powder ac- 
quires a poliſhed ſurface by the friction of 
the grains againſt each otber. Thus we have 
thoſe little grains, which carry death and de- 
ſtruction to a diſtance, that no weapon of 
preceding ages could reach, and imitate in 
miniature the moſt tremendous phenomena 
of nature, thunder, lightning, and earth; 
quake. 
The goodneſs of powder depends o on the 
- purity of the ingredients, their being inti- 
-mately mixed and properly granulated, and 
"the proportion of ſaltpetre being as much as 
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can be inflamed or detonated by the ſulphur 
and charcoal; for the cauſe of the immenſe 
power exerted by guapowder is properly in 
the ſaltpetre. 

VV. I imagined, the ſtrength of the 
powder lay in the flame; as you once told 
me, that air was greatly expanded by heat.“ 
F. © This alone could by no means effect 
what we ſee performed by the inflammation 
of gunpowder ; and it may be conſidered as 
an unqueſtionable fact, that, on firing gun- 
powder, an extremely elaſtic aeriform fluid, 
or gas, is evolved, which ariſes principally 
from the detonation of the ſaltpetre. Some 
future day I will ſhow you an experiment 
with the air-pump, from which this may 
clearly be inferred. Remember to put me 
in mind of it. This aeriform fluid has been 
found to occupy 250 times, or, according to 
others, 500 tunes the ſpace of the gun- 
powder, from which it was evolved, without 
taking into the account any expanſion from 
heat. Thus from one cubic inch of gun- 
| Powder are produced 250, or 500 cubic 
inches of gas, which muſt be expanded to 
four times this bulk, at leaſt, by the heat 
generated in firing the powder, Conſe- 
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quently the gas evolved ſtrives inſtantane- 
ouſly to expand itſelf into a ſpace one or two 
thouſand times as large, as that which the 
charge of the piece occupied. Hence you 
may readily accoant for the extraordinary 


force of powder.” 
. I ſhould like to know how far 2 


cannon will ſhoot a ball.” 

F. That depends on the ſize of the can- 
non, the quantity of the charge, and the 
angle the axis of the cannon makes with the 
horizon. I will give you a couple of in- 
ſtances, however, which, no doubt, will ex- 
ceed your expectation. An eighteen-pounder, 
or caniion carrying a ball of the weight of 
" eighteen pounds, when loaded with nine 
pounds of powder, and elevated to an angle 
of forty-five degrees above the horizon, will 
* throw it's ſhot to the diſtance of 19000 feet, 
or upwards of three miles and a half. This ; 
is the range of it's greateſt random: ot. If 
leveled horizontally, it will carry point-blank, 
that is ſo as not to deviate ſtrikingly from a right 
line, about 1900 feet, with the ſame charge. 

The velocity with which the ball is 
driven out of the cannon may be conſidered 
as from 1400 to 1700 feet in a ſecond. 
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Elf a cannon be fired againſt a wall of 
earth at the diſtance of 200 yards, it will 
bury the ſhot fifteen or ſixteen feet deep: if 
the wall be of brick, the ball will . 
it but little more than a foot.“ 

This extraordinary force appeared aſtoniſh- 
ing to William. Preſently he aſked his father, 
whether, if a cannon were diſcharged per- 


pendicularly, the ball would not fall back .} 


into it's mouth? 

ought to do ſo according to 
theory: yet in the experiments that bave 
been made, this never was found to be the 
caſe. Cannons have been fixed perpendicu- 
larly in the ground, and then fired, but the 
balls always fell conſiderably on one ſide. 
Poſſibly, with all the care that was taken, 
the cannon may not have been truly perpen- 
dicular; and an imperceptible deviation} in 
the poſition of the cannon would occafion a 
- conſiderable deflection in the path ef the 
ball, from the height to which it aſcends. 
Poſſibly, the piece might he fo! ſhaken by 

the exploſion, as to occaſion the deviation 
obſerved, though it may have been placed 
perpendicularly. Or it is poſfible, that tlie 
motion of the air may have deflected the 
ball out of the right hne. But we have fail 
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enough on the ſubject of theſe murdering 
inſtruments. The phyſical and mathematical 
inveſtigations, in which they exerciſe the 
mind, and which have occupied the atten- 
tion of men of conſlderable genius, are in fact 
the beſt things belonging to them.” 


15 CHAP. XII. 
"BILLIARDS. 


 A'LITTLE way out of town was. a tea- 
garden, in a pleaſant fituation, whither 
William's parents ſometimes went for a walk. 
At this houſe was a billiard-room, into which 
Mr. Goodwyn and his fon ſometimes went 
as ſpeQtators. William was much amuſed 
with the game, and requeſted his father, to 
teach him to play at it. Mr. Goodwyn 
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promiſed him he would, the firſt time they 
happened to be there alone, 

Many of my young readers, no de 
have ſeen a billiard table. They who have 
not ſhould be informed, that it is a parallelo- 
gram, about twelve feet long and ſix feet wide, 


covered with a green cloth, ſurrounded with 
a rim about two inches high, and having ſix 
holes, to which pockets of netting are affix- 


ed, one at each corner, and one in the mid- 


dle of each of the larger ſides. Each of the 


players has an ivory ball, and a mace, or a 
cue, with which he impels it along the table. 


The mace conſiſts of a flat wooden head, the 


end of which is a ſtraight line at right angles 
with the ſtem; and the ſtem, or handle, a 
ſlender ftick, about three feet long. The 
cue is a ſimple ſtick, about the ſame length, 
ſomewhat more than an inch in diameter at 
one end, tapering uniformly to about a 
quarter of an inch at the other, and cut flat 


a little way. on one fide of the larger end. 
The principal object of the player is, fo to 


ſtrike his own ball with the mace, or cue, 
that it ſhall hit his adverſary's ball, and drive 


it into one of the | pockets; his own ball at 


the ſame time remaining on the table. 
To teach the laws of the game is not our 
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object here: there are other books, in which 
they may be found; and it is one of thoſe 
games, which is to be learned gradually by 
practice, rather than by deſcription. It is 
however a very.amuſing and healthy paſtime, 
It exerciſes the body moderately and vari- 
ouſly, and is therefore particularly falutary 
to thoſe, whoſe way of life obliges them to (it 
much. The eye and the hand likewiſe are 
exerciſed at it ; and it does not leave the 
mind unemployed. 
It is not ſuited for every one, however, as 
a billiard table is an expenſive article, and 
the players muſt pay the owner of it for it's 
wit. Many, too, are addicted to it in ex- 
ceſs, and ſpend à great deal of time at bil- 
_ Jiards, which they might employ to much 
more advantage; and when, as too often 
happens, the game is played for money, 
ſometimes indeed for conſiderable ſums, it 
is a dangerous and ruinous game, and as in · 
garious both to the body and mind of the 
player,” as it is beneficial to them when re- 
ſorted to in moderation, and for ion 
William was cautioned by his father ac- 
cordingly, that he might not become too 
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ſtrongly attached to the game, and fo 
ſquander at a future period too much of his 
time and money. After he had learned the 
proper poſition of the body, how to place 
his left hand on the table, the manner in 
which the ſmall end of the cue was to be 


ſupported on the thumb and forefinger, and 


the proper management of his right hand in 
order to give the ſtroke, his father taught 
mm how to ſtrike his ball, to make it re- 


bound from the cuſhion ſo as to lie Where 


be wiſhed it, or to hit his adverſary's ball 
with it, and drive it into one of the pockets. 
That what I hall have "occaſion to ſay 
may be intelligible 'to thoſe of my young 
readers, who have hever ſeen a bithard-table, 
I have given a delineation of one. AB CD 
are the four corner pockets, E and F the 
two middle pockets. ' On the border at I and 
K are two braſs nails, called the ſtringing 
nails, between which an 'imaginary line is 
drawn, called the ſtringing line. The ſpace 


ABI K, within this imaginary line and che 


end of the table, being one-fourth of the 
«Whole table, is natned the balk. i 


William, who had am accurate eye and a 
ſteady * * learned how to Pe but 


I. ; 
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the queſtion frequently occurred to him, 
„ why muſt J play the ball in ſuch or ſuch 
a manner? 

Very few billiard-players,” obſerved his 
father, * know any thing of the laws of per- 
cuſſion. Indeed a man perfectly acquainted 
with them may be a very bad player at bil - 
 liards; anda perſon totally ignorant of them 
may be a very good one. Yet, if a man, 
who has à certain degree of practical dex- 
terity, underſtand the principles of what he 
does, it is ſo much the better, and not uſe- 
leſs to him in the execution of it. If we 
ſuppoſe two players in other reſpects equal, 
that is, with equal accuracy of eye, ſteadi- 
neſs of hand, and practice at the game, one 
of whom adds a knowledge of the theory of 
3 to his experience, while the other 
as no guide but his experience alone, the 
former will unqueſtionably beat the latter. 
The former acts from clear views; the latter 
has only an obſcure preſentiment of the 
effect. The former will err leſs frequently 
than the latter. When we get home, I will 
give you a few explanations of the rules, 
which I have been pointing out to vou to- 
day in pad Beer 


ee 
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CHAP. XIII. 


CONTINUATION, 


F. WI will firſt conſider the ſtroke with 
| a ſingle ball. When you play this againſt 
the cuſhion, it rebounds, as a ball does when 
thrown upon the ground or againſt a wall. 
What is the reaſon of this?” 

W. © I do not underſtand clearly why it 
ſhould do fo.” . b 
F. I will tell you. A ball is elaſtic: 
conſequently, when any of it's particles are 
forced out of their place by preſſure, ſo as 
to alter the figure of the ball, they ſtrive to 
return to it again. Thus, when you throw 
your ball upon the ground, the part that 
touches the ground is preſſed flat, and en- 
deavours to return to it's former figure, with 
a force proportional to that which was em- 
ployed in compreſſing it: but this force can- | 
not be ſpent on the hard and unyielding 
ground, and therefore drives the, ball up- 
wards. If you make a ball of any inelaſtic 
ſubſtance, as lead, or wet clay, and throw 
it an the ground as hard as you will, it 
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will not ſpring up, becauſe the part that 1s 
flattened does not ſtrive to recover it's 


former ſhape.” 
VV. But I did not think an ivory ball, 


like that with which we play at New 
could be compreſſed.“ 

F. © There you were greatly miſtaken. | 
You are not able to compreſs it with your 
| hand, it 1s true; but a blow or fall, will 
compreſs it, as I will ſhow you. See, I will 
take a little greaſe and ſpread it here on the 
table, and lay this ivory ball gently upon it. 
- You can fee the place where it touched the 
table by the mark left in the greaſe. Now 
I will let it fall upon another place. What 


do you obſerve ?” 
W. „That the mark, which the ball has now 


made in the greaſe, is bigger than that, which 
it made when it was laid gently upon it.” 
F. I need not aſk you what this 
_ Proves. W114; £ 

V. It proves, that a | es endes of 
the ball has touched the table; conſequently, 
it muft have been fomewhat flattened.” . 
F. It is juſt the ſame in playing at bil- 

Hards : though here the rebound of the ball 
d not owing to it's elaſticity ſolely, but in a 
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much greater degree to the elaſticity of the 
cuſhion, which is well ſtuffed. 

« We will now conſider the ſtraight roke | 
againſt the cuſhion, and the oblique. 

« If you ſtrike the ball fraight againſt 
the cuſhion, as from Q to G for example, the 
ball will return in the ſame line, and you 
may continue ſtriking it in the ſame direc- 
tion as often as you pleaſe ; though it muſt 
be owned, it requires a ſteady hand to {trike 
it ſo twice following. 

« But if you ſtrike the ball obliquely againſt 
the cuſhion, as from A to G, the ball will 
return in the line G B, which makes the 

ſame angle with the cuſhion C D, alſo with 
the perpendicular line H G, as the line A GS 
in which you ſtruck the ball. 

« Is not this ſuſceptible of a r e 
tion?“ | 

IF. < I ſhould ſuppoſe ſo, from a reſolu- 
tion of the powers ? 

F. „ Certainly. We may expreſs the 
power of the ſtroke by the line A G, and 
reſolve it into two lateral powers, one, A H, 
parallel with the cuſhion C D; the other 


A C, perpendicular to the cuſhion. Te 
former is not obſtructed by the cuſhion; 
| m7 
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the latter is totally deſtroyed by it, and 
changed to it's oppoſite by the action of 
elaſticity. 

As ſoon as the ball has touched the 
cuſhion G, it is again impelled by two 
powers. It's own elaſticity, and that of the 
cuſhion, act upon it in the direction G H, 
perpendicular to the cuſhien; that power of 
the ſtroke which was not deſtroyed acts upon 
it in a direction parallel to G D; conſe- 
quently it muſt deſcribe the diagonal G B. 
But are not the e AG H, and B G H, 
perfectly ſimilar ?” 

FW. « Yes; for the fide G 1 is common 
to them both, A H and BH are equal, 


and the angles at H are the ſame in both, 


each being a rectangle; but if two ſides of 
one triangle, and the angle between them, 
be equal to two ſides of another and the in- 
termediate angle, the two triangles muſt be 
alike; and, of courſe, the angles at G n 
bes ſimilar.“ a 

F. “ Very right. We e now, there · 


| Sk the law, according to which the ball 

38 rebounds from the cuſhion, namely, at the 

fame angle, under which it was played 

againſt it. This law will guide a man, 
5 / Wl 
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when he has to play a bricole; that is, to 
play his ball firſt againſt- the cuſhion, ſo 
that it may come after the rebound to the 
place intended. When the player hits his 
adverſary's ball fo as to make it rebound 
from the cuſhion to the place intended, it 
is called cuſhioninug. To execute either of 
theſe properly, requires an accurate eye; 
and this will be guided and aſſiſted hy 2 

knowledge of the A we have YO welt 
gated.” 55 8 
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CHAP. X1y. 
* EOnrInUATION. 


{Fathers aqve will now denke thi iriking 
of one ball againſt another, firſt in a a e | 
line, then in an oblique direction. | | 
Whena man plays ſtraight at his antago- 
niſt's ball, or ſo that the line in which he 
ſtrikes his own ball paſſes through the centre 
of his antagoniſt's, the latter is propelled 
preciſely in this direction. This is called 


hitting a ball full. When the 3 3 
vol. 1. -E 
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ball lies in a dire& line between the player's 
ball and a pocket, it is ſaid to be a fill bull. 
But when the adverſary's ball does not 
lie in a ſtraight line between the player's and 
a pocket, it commonly requires ſtriking ab- 
- liquely, to which we will proceed. Sup- 
poſe, for example, your ball is at Q. your 
adverſary's at M, and. you would put it into 
the pocket C, your ſtroke muſt be guided 
by the following rule. Imagine a right line, 
C M. paſſing from the hole through the 
centre of your adverſary's ball; your own 
ball muſt be played in ſuch a manner, that 
the point where it hits your adverſary's 
muſt be in the line C M, or ſo that, at the 
moment when the balls come into con- 
tact, the centres of both balls and the hole 
may be in a right line, L M C. For when 
ſtruck obliquely, as well as when ſtruck 
full, the ball that is ſtruck will be propelled 
in a line paſſing through the centres of the 
two balls at the inſtant of contact. 

% To perceive this clearly, you need only 


- © expreſs the force of the ſtroke which your 


ball gives your adverſary's by a ſtraight line, 
fay L P, and reſolve this into two lateral 


powers, one LN, perpendicular to the point 
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in which the balls touch each other, LO, 
parallel to a tangent draun through the 
point of contact. What concluſion may wo 
draw from this?“ 
' W. © The lateral power L o. which 
merely paſſes by the adverſary's ball at the 
point of contact, can contribute nothing to 
it's motion; on the other hand, the power 
LN, which is perpendicular to the point of 
contact, acts wholly upon the ball, which 
muſt conſequently move in the direction 
LN.“ | | 
F. Lou will, no . be aware your- 
ſelf, that the oblique ſtroke. has it's limits. 
For inftance, do you ſuppoſe it poſſible, to 
hole the ball M inthe pocket C, if you play 
your own ball in the direction RO? © 

N. No; for then my ball would pals 
_ loſe by the ball M. without touching it ſo 

as to move it out of it's place“? 

F.“ What then 1 is the extreme, that limits 8 
the oblique ſtroke ?” 

V. It is the ſtroke in which the direc- 
tion of the player's ball makes a right angle 
with that which his adverſary's ſhould take.“ 
F. «Right! the angle which the direc- 
tion of the player's ball makes with that 

| E 2 
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$ which his antagoniſt's ſhould take, muſt al- 


ways be an obtuſe angle. When it is but 
little obtuſe, or approaches a right angle, 
the adyerſary's is ſaid to be a fine ball, and 
the player is ſaid to hit it fine, or cut it. 

The leſs the angle exceeds go" , the finer 
the cut. | | 


A perfectly full ball, or a dead Full ball, 
as it is commonly called, and a very fine ball, 


ate the moſt difficult to play. A ball at a 


moderately obtuſe angle is eaſier. 
What we have conſidered hitherto, refers 


merely to the dingtion the ball played upon 


zs to take. How far it will run, and where 
_ - the player's ball will lie after the ſtroke, can- 

not be determined in ſuch a general way; 
for theſe will depend on the ſtrength of the 
Nroke, and the weight of the ball. They 
will form ſubje&s for our er ee at 
ſome future time. 
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CHAP. XV. + 
1 ; 
HANGING A BUCKET ON, A TOBACCO-PIPB. 
s it poſſible, father?” ſaid Williain, us. 
"he came running in; “ John ſays, he can 


hang up a bucket of water upon a tobacco» 
pipe, and not faſten the tobacco-pipe. too.“ 


F. Deſire John to let you ſee. him ds © 


it; that is the beſt way of Being convinced.“ 
Accordingly John. was ordered to come 
in. He laid a. tobacco -· pipe on the table, 
fo that a very little of the end of the pipe 
projected over the edge of it, and hung the 
bucket of water by the handle upon this end, 
by which it was ſupported. 
F. Lou have now. learned K Tilda. 
how it is to be accompliſh'd ;., but I. appre- 
hend it will be:r.eceflary for me, to give you 
an explanation of it. The principle on 
which it is founded is that of the lever; 
without being acquainted with this, we can- 
not form an accurate judgment of ſome of 


the commoneſt things. By a lever we un- 


derſtand a pole, or any other ſolid ſubſtance, 
acted upon in two different points by ſepa- 
| Ek 3 | 
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rate powers, which endeavour to move it 
round a third point in oppoſite directions. 
When this third point, or centre of motion, 
called the ſulcrum, is between the other two, 
m Which the moving powers act, it is a lever 
of the firſt order, and has either equal arms, 


by like a common pair of ſcales, or m_— 


arms, like the ſteelyard. | 
„When the centre of motion is at one 
end of the 4 it is a lever = the ſecond 
order. 
: MW Remember 1 now the fallowing law ; the 
| powers acting on the lever are in equilibrio, 
when - they are in the inverſe ratio of their 
Jitances from the centre of motion. 
This law we find confirmed by experi- 
ence in all caſes, and with this we will reſt 
ſatisſied for the preſent; but it is capable of 
demonſtration, without having Tecoutſe to 
experiment, as you will learn hereafter, when 
you have made farther progreſs in the 


ſciences. | 
* Thus, when a conſiderable weight lies, 


or is ſuſperided near the centre of motion, it 

may eaſily be balanced or raiſed by a ſmall 
weight, if this be at a ſufficient diſtance from 
the centre. Tou may ſee this put into 


— 
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practice daily by maſons and carpenters, if 
they want to liſt up a heavy ſtone or beam 
2 little, ſo as to move it forward, or turn it 
over, they place a pole under it, the ſhort 
end of which reſts upon the ground, while 
they heave at the long end with their hands 
or ſhoulders”! |. 
VNV. I have often ſeen * do that.“ 55 
F. Every workman knows, as well as 
you, from experience, that the nearer: the 
weight is to the one end of the lever, and the 
nearer to the other end he takes hold of the 
pole, the eaſier he can lift it. Ia a few days 
I will ſhow you a practical application of 
this ſimple. inftrument, the lever, which, 1 
am ſure, will excite your aſtoniſmment. 
Jo return to John's performance, which 
is cafily explicable on this principle. The 
tobacco - pipe here is a lever of the firſt order. 
The centre of motion, or fulcrum, is the. 
point where it touches the edge of the 
table. The bucket is ſuſpended cloſe to 
the fulcrum. The head of the pipe, at the 
end of the longer arm of the lever, ſerves, 
together with the weight of the em! fo 
balance the bucket. 2 

The chief art in the bufineſs is, to hang 


E 4 
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the bucket cloſe to the edge of the table, 
for which purpoſe it's handle ſhould have a 
Proper ſhape. If this be thick and round; 
the ſtem of the pipe will break; and indeed 
all pipes will not anſwer A the Ann 
. | 1944) 
William now es a little en 
concerning this experiment. He aſked John 
how much the bucket weighed, and was told 
about thirty pounds, for it was not a large 
bucket, and John bad not filled it to the 
brim. William then borrowed: a pair of 
Acales of. his mother to weigh the tobacco- 
pipe, Und found it to weigh two ounces and 
a half. The bucket was ſo cloſe to the edge 
of the table, that he eſtimated the point of 
ſuſpenſion at no more than the tenth part of 
an inch, or a line from the fulcrum. So far 
he went on rightly; but he was about to 
make a conſiderable errour with regard to 
- the weight of the pipe, by conſidering the 
whole of it as at the farther end, or in the 
bowl. His father informed him, however, 
that this weigbt lay in the centre of gravity 


„ 6 the pipe, which he might eaſily find by 


balancing the pipe horizontally on his finger. 
p On trial, in this way, he found, that the centre 


% 
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of gravity of the pipe was twenty inches 


diftant from the edge of the table. 


F. “ Now, to find on which fide the pre- 
ponderance muſt be, you have only to find 
the momentum on each fide; that is, the 
weight, or power, multiplied by the diſtance 
from the fulcrum; and on whichever : the 
momentum comes out greater, on that the | 
preponderance will be. I inced not caution - 
both the diſtances and 
| weights muſt be.reduced to ſimilar denomi- 
nations: thus you may expreſs the diſtances 


you,. I preſume; that 


in lines, the weights in half. :ounces.”” 


Accordingly William reckoned as Suben! 


Bucket 


Weaght- -- 30 pounds. 
32 


66 

9% W . 

WM 9600 half ounces 
Diſtance. I line, 


Momentum g6o-. 


whenee he perceived, that the bucket could 
not preponde rate, as the greater momentum 
vas on the fide of the tobacco-pipe. 


[ 


+ - 


8 


, 
ö 
| : 


: 


Tobacco-pipe 


5 balf ounces 


aid 


1 


J 


I000- 2 


» 
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CHAP. XVI. 


THE HEAVY GOOSE. 


WIIIIAu had reflected on what his father 
had faid concerning the bucket and the to- 
bacco-pipe, and thought he would poſe a 
in his turn. = K. 
. John, how far do you think you 
can carry a gooſe? 
J. * As far as you pleaſe, Sir.” 
. * 1 believe not. Ten fs 6% 


upon your. ſhoulder, that you cannot aux 
the length of our garden. 


J. © What, a leaden gooſe, I ſuppoſe.” 


W. * No: the tat n rer killed this 


worse. ba 


« Lfhould like to ſee that,” . John: 


— — — = 


"i he was à ſtout youth, and thought his | 
_ young maſter could not place a gooſe, that 
weighed only twenty pounds, in ſuch a poſi-- 


tion upon bis ſhoulder, as to prevent him 


from carrying it to the next town and back 


again, if it were required. On trial, how- 
3 | 
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ever, John was foiled, and found himſelf 
obliged to lay down the goole. | 
William had taken a ſtick fix feet in 
length, at one end of which he hung the 
gooſe, and the other he placed upon John's 
ſhoulder in ſuch a manner, that the end, by 
which he was to hold it, was only half a foot 
from the point of ſupport. In conſequence, 
the diſtance of the gooſe from the fulcrum 


being eleven times that of John's hand, John 


was obliged to exert a power equal to eleven 
times the weight of the gooſe, or two hun- 


dred and twenty pounds, to keep it in equi-. 
librium,” and the two powers preſſed upon 
John's ſhoulder with a weight of two hun- 
dred and forty pounds, W was more than 


he could ſupport. 


„That you may not have too hiek an 


opinion of your knowledge,” ſaid William's 
father, now let me aſk: you a queſtion. If 


you and John were to carry the gooſe on this 
ſtick, each holding the ſtick by one end,. 
and John be as ſtrong: again as you, in what 


| Part of the ſtick ſhould we place the gooſe, 
that the weight each would haye to ny 
might be proportionate to his n“, 

E 8 
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4 William began to ſtudy, but v was not ſoon 
ready with his anſwer. 


F. Would you bo content, that the 


gooſe ſhould hang in the e, ww the 
Rok?” -:.. | 

. No: for ions mould wk wh 
meights to carry; and, as I am the ons. 


that would not be fair. 7 
erect „Should it be nearer you, then 3 or 
of Pr NO A 
N. © Nearer John. r 
F. How much nearer ?” | 


V. A fourth part.“ 2206 $9:$. 
F. You. fay this by gueſs. . But if John 
knew what, he were about, he would not 
allow it, for thus it would be too near him. 
If, however, we divide the {tick into three 
parts, and hang the gooſe ſo, that it would 
be four feet diſtant from your hand, and two 
feet from John's, neither would hays ny 
reaſon to complain. 

With reſpect to you, William, John's 
hand is the fulcrum of the lever; the diſtance 
of the weight from the fulcrum is two feet, 

| - the diflayee of your hand from the. fulcrum 


is fix feet, or three times as much, ſo that 
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you have only one third of the whole weight - 


to ſupport, or ſix pounds and two thirds of 
a pound, 
With regard to ! your hand is the 
fulcrum, the diſtance of the weight is four 
feet, and the diſtance of the power fix feet, 
as before. Now ſince the former is two thirds 
of the latter, he muſt exert a power equal to 
two thirds of twenty pounds, or thirteen 
pounds and one third, which is juſt double 
that of yours, and conlequently the propor- 
tion required.” 
William perceived this, and wiſhed to 
know the rule for finding the proportion. 
F. © It is very ſimple. We add the two 


numbers, which expreſs the relative propor- 


tions of the powers; as-in this caſe two and 
one make three : we divide the lever into ſo 
many parts as the product gives, and we 
place the weight ſo that the parts of the 
lever on either ſide of it will be in the in- 
verſe ratio of the powers. Thus, in the 
preſent inſtance, your hand would be twice as 


far from the weight as John's, to which W 


\ _ twice the ſtrength of yours.” 


$ 
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CHAP. XVII. 
WHAT ARE THE SMALLEST ANIMALS: 
WE KNow ? 


„ Way do you keep that dirty water in 
that glaſs, father ?” ſaid Caroline: © it has 
been there a long while; 3 ſhall 1 throw it 
away?“ 

F. „Not yet, my dear : I will 1555 ſhow you 
ſomething very aſtoniſhing in it.” | 
Aſtoniſhing? What?“ Mantel Caro- 


. line, with eager curioſity. 


F. An immenſe multitude of living 
creatures, which you cannot diſcern with the 
naked eye, but which may be rendered vi- 
ſible by a good magnifying glaſs, or micro- 
ſeope. Call William, it will excite wonder \ 
in you —_ 

While Caroline was gone for William, Mr. | 
Goodwyn ſet his microſcope in order, and 
ſcrewed in a lens with a very highly magni- . 


fying power ?. ” 


What microſcopes and magnifying lenſes are, will 
be explained. more fully hereafter, 7 


— w 
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William and Caroline came in, and ſtood 
looking on with eager expectation. 
F. „ See this drop-of liquor, which I have 
taken out of the gs: what do you N | 
ceive ?” | 
C. © Nothing but dirty water.“ | 
F. © I will now place this drop on the 
flide under the microſcope. Caroline, you 
look in firſt; then Wilkae : but you muſt 
not move the microſ cope. | | 
C. ** Bleſs me! it is all alive. Look; 
William, what a multitude of little crea- 
tures!” 
. A anultivade, * and how faſt 
they move about!” | 
Caroline and William could not n+ 
admire this wonderful ſpectacle. What 
creatures are they ?” Why cannot we ſee 
them with our naked eyes? * How ſmal} 
they muſt be, for a ſingle drop of water to 
contain ſuch; numbers? Where did they: 
all come from? Thus they went on with © 
| nn upon queſtion. | 
I doubt not, my young metal 1 you 
Pr be equally aſtoniſhed, and equally in- 


quiſitive, if you had an opportunity of ſeeing = | 


a fimilar exhibition; and are at leaſt defirous 
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of ſome further information, reſpecting this 
natural curioſity. I will therefore proceed, to 
give ſome account of it, which will unqueſ- 
tionably amuſe you. 

Theſe creatures, the ſmalleſt with which 
we are acquainted, are called animalcules of 
*nfufion. They are thus named, becauſe they 
are produced in infuſions, and are ſuch dimi- 
nutive animals. For their production no- 
thing more is required, than to pour water 
om any animal or vegetable ſubſtance, and 
let this infuſion ſtand four or five days in a 
moderately warm room, when a ſpecies of 
fermentation will take place in the liquor, a. 
flimy ſkin will grow over it, and an immenſo 
multitude- of theſe animalcules, viſible. only 

by means of the magnifying glaſs, will be 
found in the fluid. They may be obtained 

from different vegetable ſubſtances, as I have 
- obſerved; but from ſome more, from others 
leſs. They are produced in- the: liquor of 
oyſters; in infuſions of meat, pepper, or. 
chopped ſtraw ; and more abundantly in in- 
fuſions of hay, of a ſort of periwinkle, or of 
mignonette, an odoriferous flower, with which 


vou are all acquainted, and many other 
flowers. From ſome flowers, indeed, I have 
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not ſucceeded in obtaining any: but it is 


Probable, that I did not take them at a pro- 


per period. Of the numerous infuſions, 


however, with which I have made experi- 
ments; none afforded me ſuch multitudes of 
animalcula as thyme. If you put as much 
thyme as may be taken up between the ends 
of the thumb and two fingers into a wine- 
glaſs, fill the glaſs with pure water, and let it 


ſtand for four days, you will be truly aſto- 


malcules ſwim about in it, and the celerity 


niſhed, when you look at a drop of it 
through the nycroſcope. Millions of ani- 


of their motions. is ſo great, that it makes 
the eye almoſt giddy. Figure 4 will give 
ſome idea of them; only you muſt conceive 


the animalcules to be Re number, * 5 
all in motion. N. 


Wonderful! you will fag — whence bo 
theſe creatures come? where were they be- . 
fore? why do they not appear, till the water 
has 'been poured on the herb, and ſtood on 
it ſome time? 

It is wonderful, indeed, my young friends: 
and who is there, to whom theſe queſtions - 
will not ſuggeſt themſelves, when he diſco- 
vers an ocean of animated beings in a drop of 


iſtence I can entertain no doubt. 


* 
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water, where a little before nothing was to be 
. diſcerned ?—But who can anſwer them ?— 


Inſtead of ftopping at theſe queſtions, we 
will purſue our obſervations themſelves a 
little farther, if you have any inclination to 
hear more of creatures, of which millions 


may be ſwept from the glaſs at one ſtroke 


with the point of the finger. Oft their ex- 


= 


— 
— 
& + 4 L 


CHAP. XVIII. 


— * 


. 


Fixs r we will conſider the figure of theſe 


FE 


animalcula. Some natural philoſophers aſ- 


CONTINUATION. ROOM. +; 


X Fog” C. 0 a — — 


THE PLEASING PRECEPTOR. 91 


ſert, that they have perceived a difference in 
their figure, according to the ſubſtances from 
which they were obtained. I will not conteſt 
it: though I muſt ſay, that I was never able 
to diſcern this difference, in the obſeryations 
I have made on various infuſions, The ani- 
malcules in the infuſion of hay, for inſtance, 
appeared to my eye the ſame as thoſe in the 
infuſions of thyme and mignonette. Variety 
in the figures and ſizes of the animalcula I 
have obſerved, it is true; but in the very 
ſame infuſion, not in the infuſions of different 
ſubſtances. One and the ſame animalcule, 
too, may aſſume different figures. The fol- 
lowing are my own mne on the ſub- 
ject. 

The uſual form of 4 . when 
at reſt, appears to be ſpherical, or a little 
longiſh, or egg · ſhaped, as fig. 5, Nos. 1 and 
2. When they are in motion, their bodies 
are more or leſs elongated, accordingly as 
they ſwim about with more or leſs celerity, - 
as Nos. 3 and 4. Some are ſeen darting along 
with great ſwiftneſs, the figure of which is 
nearly linear, or reſembling that of a ſmal 
worm. n IN 


. _ ” 
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When the animalcules have this elongated 


figure, as in No. J and 4, we may clearly 


diſtinguiſh one end to be pointed, and the 
other pyriform, that is, ſhaped like a pear: 
and it is to be obſerved, that they always 


ſwim with the pointed end forward, whence 


we may conclude; that this is the head of 
the animalcule. This inference is confirmed 
by the obſervation, that the animalcule can 


make particular movements with this pointed 


or foremoſt end, of which 1 JP tay ſome» 
thing more by and by. 
With regard to the e of een 


of infuſion, I have almoſt always ſeen them 
clear and © tranſparent as water; properly, 
therefore, without any colour. Sometimes, 
- however, a few ſwim through the field of 
the microſcope, which are browniſh and 


opake; but theſe are much rarer” than the 
tranſparent ones, and for the moſt _ tole- 


ably large. $3" 
In the thick or-pear-ſhaped end may ke 


diſcerned dark points, or curved lines va- 
_ niowſly croſſing each other, which ſome have 
Tconfidered as wrinkles in the ſkin of the ani- 


malcule; but it is Frente, that they are 
internal parts. 


- — 
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CHAP. XIX. 


CONTINUATION, 

Taz fize of theſe animalcules, I mean 
their apparent ſize, varies greatly. With a © 
glaſs that magnifies the diameter of an object 
three hundred times“, ſome appear about 
the fize of a ſmall bug, ſeen at a diſtance of 
eight inches from the eye, others the ſize of 
a louſe, others {till ſmaller, and Jaſtly, at 
which I have been moſt aſtoniſhed, as were 
two of my friends, who obſerved it with me, 
among theſe larger animalcules in the infuſion 
of hay may be ſeen an infinite number of 
minute animated /{pecks ſwimming about, 
which, with this great magnifying power, 

appear no bigger d than the imalleſt mite, or 


- 


. Magnifying powers, ſhould always be reckoned 
thus, that is, according to the diameter. When the 
diameter is magnified 3oo times, the ſurface is magni- 
fied 300 times 3Go, or '90,000 : bat ſome,” who are 
fond of immenſe numbers reckon by the magnifying | 
of the ſolid, which in e caſe would be wen er 
millions of times. 
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fineſt grain of ſand, does to the naked eye, 
yet their voluntary motion is clearly er | 
ceptible. 5 
Probably, too, the ſize of the ſame indi- 
viduals varies, for no doubt they are at firſt 
ſmall, and grow larger from the nutriment 
they take. Probably thoſe infigitely ſmall 
points, that we obſerved in the infuſion of 
hay, were a numerous young brood, a new 
riſing generation of animalcules. If we exa- 
mine an infuſion, of thyme for inſtance, on 
the third day, only a few animalcules will be 
ſeen; chiefly of a round figure, and neither 
ſo large nor ſo lively as on the fourth and 
following days, when they are conſiderably 
more numerous, briſk, and large. Some 
days after, when the infuſion has dried away 
a little, they again appear ſmaller and leſs 
hvely. | 4 
You will aſk me, my young 8 how 
big the largeſt of theſe animalcules of infu- 
_ fon may be: accordingly I ſhall endeavour 
to give you ſome conception of their minute- 
ness. A grain of very firie ſand, when mag- 
' nified to a certain degree, but far from the 


bigheſt magnifying power, appears about the 
ire of fig. 6. The largeſt animalcule of in- 
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fuſion, with the ſame magnifying power, will 
appear at leaſt ſix times leſs in diameter. 
Whence it follows, that upwards of two hun- 
dred of the largeſt animalcules of infuſion 
may be contained in the ſpace occupied by 
one of the ſmalleſt grains of ſand. A little 
mite is to one of theſe animalcules much the 
| ſame as a turkey is to a ſparrow. 

Reaſon here, you will ſay, is at a ſtand : 
a remark on no occaſion more ſtrictly true, 
than when with artificial aids we overſtep the 
limits, to which nature has reſtricted our 
ſenſes. What lies beyond the natural boun- 
daries of our ſenſes and imagination, reduces 
reaſon to a ſtand, as it is aptly expreſſed. Thus 
it is, when, availing ourſelves of the magni- 
fying power of the lens; we fee a drop of 
water {warm with multitudes of living crea- 
tures; thus, when through the teleſcope we 
perceive the boundleſs fpace of the firmament 
filled with ſtars innumerable, - At your age, 
my young friends, ſuch a profpe&t excites 
for the moſt part aftoniſhment merely : here 
after, when you have learned to confider - 
theſe wonders in a higher point of view, a 
nobler and more exalted fenſation will fill 


your hearts. May you become truly alive Sl 


ͤ— — — — — = 
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to this ſenſation, and r it in it's full 
extent. 25 * 123 y 8 ** . 
; Treg * 
oe N Ao: i eon 
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A8 you neee to be weaty of 
c of theſe little inviſible creatures, I 
ſhall proceed with the ſubject. We will now 
conſider their motions. Lou can conceive 
nothing more lively, than theſe animalcules: 
the buſtle, of a neſt of ants, r ſwarm; of 
gnats, is fluggiſhneſs to it. They dart in all 
directions, like an arrow from a bow, acroſs 


the field of the microſcope, in ſtraight lines. 
when, as I before obſerved, their bodies 
are drawn out greatly in length. Sometimes 


they conceal themſelves under the ſlime of 
the liquor, as if they were ſeeking their nu- 
triment there: then they reappear, ſwimming 
in various directions, and dexterouſly paſſing 


each other when they meet. Sometimes they 
draw their bodies up together in a ien 


form, and then ſtretch them dut again, in 


| Em 55 4 ack. Now they ap- 
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peatito dive dewn toward the bottom of the 
drop, as -only{.their hinder; parts are viſible: 
preſently. they ſpin round like a top, with in- 
eredible velocity. When one of theſe ani- 
malcules has entangled bimſelf in a particle 
of ſlime, it is pleaſing to ſee how he whirls 
bimfelf rounck with it, in order to extricate 
himſelf. It is equally pleaſing to obſerve the 
motions, Which, they frequently make with 
the head, or pointed fote- end. When they 
give themſelves a ſpring tg dart forward, they 
*frequently, turn the head quickly on one fide, 
as if they were biting at ſomething, and ſwim 
forward with the head in this oblique, direc- 
tion. as at No. 5. One of my friends oh- 
ſerved, that it looked as if they ſnapped at 
the little animated points I mentioned juſt 
now, and went in chaſe-of them. 

The longevity of theſe animalcules cannot 
eaſily be aſcertained. - Thoſe that we con- 
template under the microſcope do not die a 
natural death, but ate "deſtroyed by the eva- 
poration of the ſluid which leaves thouſands 
of heir dead bodies on the glaſs ſlide, in the 


thape af a little ſcarcely perceptible duſt; lt 


1s obſeryable, that, in an infuſion, which! has 
toad Nee or, mor, 1 donajless 


vor. 1. 
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and at length ſeem to diſappear. - /Whether, 
however, theſe ſmaller animalcules be the 
fame, which have gradually diminiſhed in 
fize, or whether they be a more diminutive 
ſpecies, which at laſt alone S 
be aſcertained. 01 Mal 
The numbers of theſe A eh bogen 
all / conception; Since thete are! ſo may 
thouſands in a ſingle drop, what multitudes 
muſt there be in a wine · glaſs, that apparently 
contains nothing but a little dirty water ! 
what, in a puddle, or ditch, where animal 
and vegetable ſubſtances putrefy together! 
How infinite this world of organized living 
| beings, all of which are provided with inſtru- 
ments of motion and-nutrition? -— 


ee | I! 
CHAP. XXI. _ 
CONTINUATION. | 


Ir is not vaſy for any one, 4d bes u 
templated animalcules ef infuſien through a 
good microſcope, to 'confider theſe minute 
bodies as any thing elfe but living -ereatures. 
Bet, chat they ure ſo, has been denied: and 
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the great celebrity of the natural hiſtorian, 
who will not allow them to rank among ani- 
mals, may give ſome weight to this hypo- 
theſis ; for which reaſon it deſerves to be no- 
ticed here. 

The naturaliſt, to whom I allude, is no 
other than Buffon, with whoſe name and re- 
pute I preſume few of my readers are unac- 


quainted. 


Me need not be apprehenſive of going 
too great a length,” he obſerves, if we 
afſert, that the grand diviſion of natural pro- 
ductions into animals, vegetables, and mi- 
nerals, is far from compriſing all kinds of 
material beings. He conjectures, that a 
cloſer ſcrutiny into nature will lead us to the 
diſcovery of certain middle 'beings; ſuch or- 
ganized bodies, as do not poſſeſs like plants 
and animals for example the faculty of repro- 
ducing their like, though they have a kind 
of life and motion; or bodies, that are nei- 
ther animals nor plants, yet may contribute 
to the compoſition of both; or beings, that 
are properly nothing more than an aggrega- 
tion of organic particles.” He is inclined to 
conſider eggs as belonging to the firſt of theſe - 
claſſes; cc and the moving corpuſcles, ob- 

F 2 
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ſerved in the infuſions of fleih;. or ſeeds and 
other parts of vegetables, might be reckoned 
in the ſecond. claſs of theſe equivocal beings. 
They are the organic particles, or primary 
aggregations of them, from which the or- 
ganic bodies of animals and n 1 are com- 
poundec. 
e Still farther to confirm this opinion, 
that theſe organic bodies are not real ani- 
mals, continues Buffon, „we need only 
conſidet attentively the appearances, that the 
experiments exhibit. Men have ſuppoſed 
theſe corpuſcles to be animals, becauſe thoy 
diſplay a progreſſive motion, and the ob- 
| - ſervers have perſuaded (hens: that they 

| have ſeen tails to them “. 

May we not very reaſonably. doubt theſ: 

ſuppoſitions,” he adds, when we: conſider, 
on the one hand, the ſudden and total diſ- 
PAL LIE of the progreſſive motion begun, 
and on the other the e of the Luppoſed 


Tue 7.0 
5 In all the aces of infufon, that 1. Jon 


8 Teen, I have never diſcerned any thing like a tail: it 


bs pollible, however, that there may be ſuch an appear- 
" - «ance in ſome; as ener eee 
Minen. mention it. : 


- 
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tails, -which are nothing more than filaments, - 
that the moving bodies draw after them“? 
An animal moves now quickly; then 
flowly, and ſometimes reſts from motion: 
Theſe corpuſcles, om the contrary, con- 
tinue moving on it the ſame manner, with- 
out ever repoſing, and then renewing their 
movement. They continue to proceed on- 
ward without ſtopping ; and when they have 
once ſtopped, they remain immoveable. Such 
a perpetual motion, uninterrupted by repoſèe, 
can by no means be conſidered as the ordi- 
nary motion of an animal.“ 2 
We might here be inclined to doubt, whe- 
ther Buffon ever ſaw any animalcules of infu- 
ſron, if it were not for the many experiments 
he relates with much prolixity. At the firſt 
view. through the microſcope we may ſee, 
that the animalcules move ſometimes faſter, 
at other times ſlower, now here, now there, . l 
Teſt from motion, and then move again, turn 
round on their own axis, c. It is 1ncon-- 


- & 7 V * 


* The trace left bebind in the water by the animal- - 
cule moving with ſuch velocity may give the appear- - 
| ance of a tail, Og Rake hoy AL 


- 
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 ceivable to me, how Buffon could pen ſuch 
a a-palpable untruth. 

« Beſides,” he goes on, © let us conceive 
What animal we will, it muſt have ſome per- 
manent form, and diſtinct limbs: but it is 
well known, that theſe moving corpuſcles are 
changing their figure every inſtant, have nat 
- one diſtin limb, and their tail appears to be 

a mere accidental circumſtance.” | 


At the commencement of this paſſage the 
reader will immediately think of the leech, 
which, when it ſwims in the water, has a 
long extended figure, yet at times draws it- 
ſelf up into a very different ſhape. Exactly 
- the fame charge of form may be obſerved in 
_ * the animalcules of infuſion, which always 
return to theit common oval figure. Their 
change of form, too, is frequently in appear- 
ance alone, arifing from their different poſi- 
tion with reſpect to the oblerver's eye. The 
| aſſertion, that they have no diſtin& limb, is 
- confuted by the remark made above, that 
they move their heads, and turn them on 
one fide. . | \ 
From what 1 bake 58 ſubjoined to the 
_ affertions of Buffon, I apprehend, it will 
ſufficiently appear, how little foundation, 


, 
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there is for the hypotheſis, that denies ani- 
malcules of infuſion the poſſeſſion of proper 
animal life and perception. This may ſerve 
as a caution to you, my young readers, that 


we muſt not always rely implicitly on the 


aertions of a man of great name. 
CHAP. XXII. 


Int HOUSE REMOVED. 


bal Hpuar, +, 

Wurz y yon come to ſee ys again, you will 
find great alterations. A houſe bay heen 
huilt gg what was a vacant ſpace: inſtead of 


an old building. 1 
1 4 


4. 
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down, a large new one has been erected: and 
laſt of all, a whole houſe has been removed 
to ſome allobce from the place. where it 
food. . + 8. 6 
Removed to Aut Aiftante”” you will 

| lay : yes, pulled down, and built up again 
in another place.” 

No, Henry; actually removed to another 
place in the proper ſenſe of the words. I 
myſelf ſaw it done Yeſterday, and my head is 
ſo full of it, that I. muſt tell you the whole 
of the affair. _ 1 
A little while ago, „When my father” 
IS to me about the power of the. let r, 

did the, hat he would mortiy ſbow 
application of it, at Which I ſhobl@'be 
rpriſed. 1 did not know to what he al- 
ſed, and was a little curious, as you may 
| ppaſe, to ſee what was to ſurpriſe me. 

Feſterday he called me out of the. garden. 
Come, William, we will 90 to Mr. Allen's, 
and ſee a houſe puſhed out of the way. * 
a 1 almoſt thought my father was in Jeſt, | 
put be looked ſeriouſly, and hee is not apt to 
jieſt with me. stel 32 ban 
de Accordingly we went; atid "preſently We | 
ae ede buſinels commehce. 5 


: " 


% * 
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I know, my dear Henry, that you are 
older, and bigger, and know more than 11 
and will underſtand the buſineſs better your- 
ſelf, than I can deſcribe it: but it is for my 
own profit and ſatisfaction, that I give you a 
deſcription of itz not to inſtruct you, which. 
your tutor can do better. 

The building, that was to be e 
was neither one of the -pyramids: of Egypt, 
nor St. Paul's church, as you may ſuppoſe; 
but it conſiſted of a two- ſtall ſtable and 
ceach-houle, the brick, and wood, and tiles 
of which, muſt be of ſome weight ; and 
which ſtood-ſo near Mr: Allen's houſe, as to 
render his yard very ſmall. He e 8 
pulled it down, and built it up again farther - 
off: but an- ingenious carpenter told him, 
that he would engage to remove it as it was. 

Jou muſt not bè angry with me, Henry, 
if-I ſeem a little tedious in telling my ſtory. 
I believe the carpenter would take leſs time 
to remove a houſe with his levers, than I do 
to give an account of -it.*. 

Firſt a trench was dug in the ground, o 
as to admit large beams to be placed under 
the frame timbers of the building, notches 
being firſt cut in the beams, to admit the 


1 
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timbers. Under theſe beams ſeveral wooden 
rollers were placed: and theſe rollers reſted 
upon long balks, which they called ways, 
and which reached as far as the building was 
to go. 
Once, my father told me, a church-ſtee- 

| ple, with the bells and every thing id it, 
as removed ſome yards in this way, men 
chiming upon the bells at the ſame time. 


The preparations, that 1 have been de- 

ſcnbing, were made before we came: the 
work itſelf eee and took up 
no long while. 

About a dozen men were Rationed with 
ſttrong levers in their bands, which they 
paſſed under the frame-timbers, the ends 
reſting againſt the ground. The carpenter 
. gave the words of command: © one, two, 
three.“ At the word three, all at once bore 
againſt the end of their Jever with the 
ſhoulder, by which the frame-timbers, and 
conſequently the whole building, were moved 
forward upon the rollers a few inches. They 
then balted, the carpenter examined whether 
the building had moved in a ſtraight direc- 
tion, and whether the beams lay properly on 
the ways: the gollers were moved, as it was 
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found neceffary:: the word of command was 
given again; and the building moved for- 
ward a few inches more. In this manner 
they proceeded, alternately applying the le- 
vers, and obſerving the progreſs of the 
building, till the ſtable and coach houſe ar- 


rived gradually at their deſtined place, with- 
qut having fuffered the leaſt injury. 
Thus you have my ftory, my dear Henrys 
which, I hope, will not be pnwelgome to 
you: though I could have wiſhed you bad 
been preſent, for we cannot fee houſes mayed 
about eyery day. Adieu]! Think aſ us often, 
W ate 3 


4 a 2 r 


Wm. Goopwrs. 
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"Father. © You are warm, William : what 

exerciſe have you been taking?“ 
William. © Charles and I have been Mages 

ing, and playing at ſee· ſaw. 

F. Very good. I am n Han to 
hear of your exerciſing yourſelf: now is the 
proper time for it, while all your joints are 
ſupple. Run, jump, dance, ſwing, play at 
ſee-faw, walk upon a round pole: all theſe 
exerciſes promote corporal agility,. which is 
of advantage to us on numberleſs occaſions, 
; dz 


6 
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ſttengthen the body, preſerve Health, and 
impaftuexterfülneſs to the mind. But, in 
ths firſt place, be prudent in all your exer- 
ciſes, and not raſh: ſecondly, never beſtow | 
more time on them, than your other occupa- 
tions will allow. Neglect not the improve- 
ment of your body; yet purſue it in ſuch a 
way, that it may tend at the fame time, to 
promote the improvement of your mind, in- 
Read of being injurious to it. Mental and 
corporal exerciſe ſhould be employed Alter- 
nately to relieve each other: ſuppoſe + we try, 
therefore, whether we eunnot find forme em- = 
ployment for the mind in a conſideration 'of 
the bodily! exetciſes, with which you have | 
n. been amuſing youùrſelf. 
For example,” you are bigger and "= 
chr Charles ; cannot you tell me, from 
the lawof equilibrium with the levet, which 
I lately explained to Jou. how the board 
| ſliduld be placed upon it's ſupport? Sup- 
pole? yourſelf to weigh” fiſty-five" Þi pounds, 
Charles only forty-five, and the bon to be 
ten feet long. 109 Þ11939 cat ] ai 
ere deigbts are both dwifble by 
fel and, When divided by five, are to each 
other ab elevem to mine. Accdiͤdipg to the 


| 
| 
| 
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rule you gave me, I mult add theſe twp 
numbers together, divide the beard into 
twenty parts, and ſet off nine of theſe, that 
is ſaur feet and a half, on my fide, or eleven, 
that is five feet and a half, on Charles's to 
. find the point on which the board ſhould 
reſt. The momepts will then be equal, 88 
9 times 55 make 495, and 143 times 45 make 
juſt the ſame; ſo that the board, when we 
Rand upon the ends of it, W be ip aui 
hbvive.” 57157 
| find; but I haye another queſtion to aſk you. | 
When you are ſtanding an the ends of the 
board, and the board is at reſt, how do you 
| re 

William knew better how to do this, than 
— to deſcribe it. * See, father,” bending 
nenne. 
ve do ſo. _ 

F. * | know it, n how Hans this uten 
IP Oe 10 946 woke fy ary 
yp and down?” : 
This William could not teh. | | 
E ® Ie i clear, that, I the herd te at 


jeſt in 2 borizantal poſition, and you ſtand 
| © vpop it, it will nat move of iel. 
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When, after having bent your knees, you 
ſtretch them. out again, the board is impelled 
downward. If you ſtood- on the ground, 
and made this motion, the conſequence would 
merely be, that your body would be raiſed 
up by it, for the ground would not give 
way; but as the end of the board is move- 
able, the ſtretching out of your legs will act 
both upward and downward at the ſame time, 
ſo that the force you exert will be ſpent _ 
partly in raiſing your body, partly in de- 
preſſing the end of the board. The boy at 
the other end of the board makes the ſame 
motion, and thus gives the board a fimilar - 
impulſe, alternately with you: whence the two 
ends of the board muſt move up and down 
alternately. as long as you Fontinye (hs to 
keep it in motion. 

Do you underſtand me? 
V. O, very plainly, | 
F. Thus in the moſt common children's 
plays, as in ſes. ſas, you ſee thers i food for 
the mind, 
Now then to the bring,” 


ju * 
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Willi. Foe that 1s a rope faſtened at both 
ends · to a beam, I ſeat myſelf upon it, Charles 
ſtands behind me, gives me a puſh, and ſo 
it goes on, forward and backward.” © 

Father. « Your O, which; by the by, I ean- . 
not commendas an exordium; ſeems to imply, 
that there is nothing remarkable i in the caſe: 

but let me aſk you, why does it go on, as you 
ſay, backward and forward? Or rather, why 
does it not continue to go on? for, if Charles 
did not repeat his puſhing every now and then, 
the vibration of the ſwing would ſoon ceaſe. 
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And, laſtly, how can a perſon ſwing re 
without receiving any puſh from another?“ 

William appeared to be puzzled by theſe 
queſtions; and looked as if he felt, that he 
had been a little inconſiderate at the outſet. 

F. We will fuppoſe G W, in the draw- 
ing I have made, to repreſent the ſwing, 
made fiſt ta the beam above in O. If Charles 
pulls you backward; this muft be in a ſeg⸗ 
ment of circle, ſay W A; and when he has 
pulled you backward to A, the ſwing will be 
in the poſition O A. When you are at A, 
your body will gravitate perpendicularly 
downward. This power of gravitation we 
will expreſs” by A Dj- and reſolve into two 
others, A C, in the direction of the rope, 
and A B, at right angles with it- What 
nom do you perceive in theſe ?” | 

W. © The power A C will be deſtroyed by 
the-Teſiſtance of the per the Per A B 
wi ſet it in motion.“ 

F. 4 Right; for the latter acts in the di- 
reffion the ſegment of the circle has at this 
place. Accordingly, if you were not to be 
puſhed forward, the power of gravitation 
would ſet you in motion, and this relative 
gravity, A B, would be to the actual, or 


— 
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that exerted in falling freely, as AB to AD, 
by the principles of the inclined plane. 
„But will the power A,B be the fame 


quantity in every part of the adde vow A 
to o * 


think not. It will grow cb and 
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ZE X 
| F. « Certainly. For whe you e 
rived at I, if we take the abſolute gravity 
IM equal to A D. i K muſt repreſent the 
relative gravity, which will be obviouſiy lefs 
than A B. And when you. have reached W. 
where the rope hang Sy; 1 
will the relative gravity be? wo! 

. It muſt be nothing r tba chli 
gravity with be camp taly deſtroyed by the 


reſiſtance of the rope,” A 5 be 
— $2 then un power cdi, to propa 
the rope farther ?”” 


N. Not for jt has aeg waſhed at 

wv. 

F. What then, will the mation ſud- 
denly ſtop, and the ſwing remain n 
the paſuion OW? TTT 

. * Naz that cannot bon 00 Ls 

' by exparience it will ga a great, deal farther 
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the other way, and then come back Vin: 
but I do not know why.” _ 

F. When your body has reached W, 
muſt it not have acquired a certain velocity 
from the preceding motion ?” 

NV. «I did not think of that, but 1 un- 
derſtand it now. Though the power of gra- 
vitation cannot act upon it any longer at W, 
yet it will continue in motion from the velo- 
city it has acquired in paſſing from A to W.“ 
F. And how ſhall we 2 on 
acquired velocity ? 

- | ® You ſay nothing: well, I will tell you: 
we muſt conſider this ſegtmient of a citcle as 
an inclined plane, for it is the ſame thing, 
whether the body be confined to this path by 
an inclined plane down which it rolls, or by 
a rope to which it is ſuſpended ; and we may 
conceive this ſegment of a circle as conſiſting 
of an infinite number of ſhort planes with 
bg inclinat ions.“ | 
„Then the velocity, which the body 
| 5 4 W. will be exactly equal to what it 
would have acquired in falling perpendicu- 
larly as far as W-is below the line AE. 
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F. “ Conſequentiy the body will proceed 
with this velocity in the ſame curve from W 
toward E. But now the power of gravitation 
gets counter to it's motion; and this the 
more, in proportion as it's diſtance from W 
z increaſed. What follows from this?“ 
1 W. The body will continue 'olng more 
and more of it's veloeity.” 
F. Till it is entirely annihilated; which 
will be when it has arrived at E, through the 
curve WE, which is equal to A W, through 
which it deſcended. For, you will obſerve, 
the action of gravitation will be preciſely 
equal in- both curves, but in oppoſite diree-- 
tions; ſo that the velocity, which was ac 
quired in the curve A W, will be again loſt 
in the curve lng mY. which - Is Oy on 
to it. 
What is the law thas we | have now di: . 
-wovered 2 1 
W. Bodies aſcend in curves dd to 
' thoſe, - through which they. have deſcended.” 
F. But is not the body at E in the ſame. 
ſituation as it was in before at A?” 
W. Preciſely.” ? 
F. What follows from this?“ 
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TI. „ It will ſwing Aae Again! from E 
to A. (X08 10 Ne 
F. „And then ain en eee 
ſo on. Now you know why it continues to 
go on backward and forward, do you not?“ 
. (Wich a ſmile.) “ I believe Ida: and 
perhaps I could; now anſwer the ſecond 
queſtion, why the motion ceaſes, if a freſh 
impulſe be not given to the rope every now 
and then. The cauſe” of this, I W 
the reſiſtance of the air.“ 1527 N 
F. * Your. ſuppoſition” is not! ani for 
this muſt continually operate to retard the 
motion, and is ſufficient of "itſelf to put a 
ſtop to it gradually. But beſide this, the 
friction of the rope againſt the beam, and it's 


not yielding perfectly to the motion at the 


top, where it muſt bend a little in ſwinging, 
contribute ſomething to retard the movement. 
My third queſtion, how a perſon: can 


{wing bimſelf, we will conſider anothef time. 


At preſent let me aſk you, are. the vibrations 
| quicker when the rope is longer, or ny E 
is ſhorter?” * Fc): Airttit ul 

William knew from experience, that with 
4 long rope the vibrations were ſlower than 


- With a ſhort one. 
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F. * If, then, we would have a rope ſwing 
with double the velocity of another rope, 
how much ſhorter muſt it be” 

WW. As ſhort again.” | 
. „No, no, William; cis; not 
do: it muſt be four times as ſhort. You 
hall ſee it proved by experiment: at preſent 
I cannot give you a general demonſtration of 

the problem. 
e See here is a leaden ball, ſuſpended by 
a ſlender line, three feet long, which I will 
ſet in motion. Take my ſtop-watch, and 
obſerve how much time it takes to vibrate 
backwards and forwards : you will find it is 
zuft one ſecond in vibrating either way. This, 
therefore, is a ſecond pendulum. 

Here is another pendulum, only a fourth 
purt ſo long, or nine inches. Compare their 
vibrations, and you will find, that this makes 
exactly two, while the former is making one. 
This little pendulum, which is only 


2 four inches long, you will find, makes three 


vibrations, while that of three feet, which bs 
nine times as long, makes one, 


Now, 1 ſuppoſe, you yourſelf can tell 
the lam according to which theſe act.“ 


5 6-4 
* 
l 1 
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. « The length of the pendulums are ; 
as the fquares of the aaa in which they 
vibydte.” |. * 

F. Exactly. of this I ſhall ſome time 
or other give you a demonſtration. 

« Penduliiths are of great uſe in common 
life ; chiefly for regulating the motions of 
| clocks, und rendering them uniform. 10 
this purpoſe they were firſt applied by, Chrif- 
topher Huygens, in the year 1657.” 

W. © I have long had it in my mind, fac 
ther, to aſk you to ſhow me how clocks are 
made. 9 

* With a preat deal of pleaſure, Wil- 
ham: and I will take ſome early opportunity 
of doing it; for I am glad to find, that this 
ingenious and ufeful machine bas engaged 
your ditentien- “ . 


* 
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SOMETHING. NSW ON Tas SVBJECT OP 
| = SPIDERS. / ( t. 6 


nes Alchy "ſpiders" ſad Caroline, 
Ee wn, down ſome eobwebs n 
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are ſpinning, their webs in every;corner; if 
we be not continually deſtroying them WAY © 
Lou do not like to have them ! in the 
houſe, Caroline,” ſaid her father „ and; it 
muſt be owned, _cobwebs, are, got, very gon - 
ſiſtent with domeſtic. cleaglinels... Vet, 
would you ſuppole i it, there are people, who 
take! a pleaſure 1 in hay! 10g a be (piders 


| about them.” F 11.10 
C. How can any perſon adlight' in ſuch 
ugly creatures! 11 i '*t1 


F. „ Nay, at the 106 = ſpider, a man 
has felt ſo much, as to endeavour to put ag 
end to his own exiſtence ; ; and what is more, 
A ſpider has decided the fate of thouſands. of 

men, and of whole countries.“ ji i. = 
e. "If other n old. me g ; 
F. Yo 5 1 PERS Nan him. 1 
however, my children, you have any wich to 
hear ſomething both important and amu- 
ſing reſpecting theſe ugly, filthy creatures, 
as you, Caroline, and may others call them, 
I will relate to you ſome facts, at which you 
vm nor be u little ſurptiſe. t.. 
O tell us all-ab6ft them!“ exclaimed 


both William and Epige tpaethersr® arc 
*. — bo PO hin = nh 0 Ja: 42 


rut FAS NO Econ. Ar 
F. A nöblemäh in Fragte, 1 think fr 
was 4 count 6f Lauzun, wis condeinned tö 
a rigid imprifonment. Cut off from all hu- 
man ſociety, and allowed no means of di- 
verting his ſolitude, he made a companion ok 
a ſpider, who had ſpun her web in a corner 
of his cell. He at length famliarized her fo 
far, that ſhe would come upon his hand, and 
eat from it a portion of his food, which he 
gave her. The jallor, totally devoid' ok 
feeling, thought this too great an indulgence 
for the unfortunate priſoner, and cruthed the 
ſpider to death. The count, thus hereft oK 
a occupation, and deprived” of the 
living being about him, in a fit of « 
daſhed his head againſt the wall, and would 
have beaten out his braihs, had he not ben | 
prevented. | 
. poor man! Execrable jaitbrt® ehe 
Caroline and Williarn. 8 
F I will tow rate to you _—_ 5 
| Ihbcdote of à prifoner, more recent, but lem 
tragical. In the year 1787, when the Prul. 
ſian army entered Holland, under the Duke 
bf Brunſwick, Quitremens Digjonval, an 
aJjutaht-general in the dutch ſervice, w 


Rad pa ects. 
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commotions in the United Provinces, was 
thrown into priſon. Here he remained till 


. 4 = 
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1795, When he was releaſed, on the arrival 


of general Pichegru, at the head of a french 


army. During the ſeven years of his con- 


finement, he had nothing to amuſe, him but 


the ſpiders 1 in his priſon, which; be had tamed. 
He had gathered about him a great number 
of theſe, of different ſpecies, and the obſer- 
vations he made on their manners and habits 
of life alleviated the irkſomeneſs of his ſoli- 


3 tary hours. His obſervations c on this ſubject 
de has arranged i in order, and publiſhed in a 

- little book, with the title of Araneology. 
Theſe obſervations are in part new, and 


among other things confute the charge made 


Ars is true, they do this ſometimes, but it is 


poly when they can procure no other food, 
and are driven to it by neceſſity. Thus 
Reaumur,..a celebrated french naturaliſt, 


oollected together a great number of ſpiders, i in 


* order to try whether. their. webs might not be 


applied to the py 
s choſe of the fi orm. The ſpiders were 


ole of wänufactures, as well 


* ſo.pumerous, however, that they could not 
other 


ee 1 of Heß 1 an 
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inſects for their food, ſo that i in a ſhort time 
they were obliged to feed upon one another, 
and thus the hope of obtaining Profit | 
their labours was fruſtrated. It is A fat, 
notwithſtanding, that ſtockings of e fine 5 
neſs and warmth, and of conſiderable ſtrength, * 
have been fabricated from cobwebs. 2 
The moſt remarkable lere of ; 
our priſoner, Mr. Disjonval, was, that ſpiders” 
are particularly excellent as prognoſticators 
of changes in the weather, being more cer ⸗ 
tain than the barometer, giving their indics- 8 
tions a longer time beforehand, and having | 
this advantage to the lower os of People. 
that they coſt nothing. | 
On the common bouft en for eK 26 
ample, he has made the following remarks, | 
Againſt fine weather, it peeps out it's head, 
and ftretches it's legs out of it's hole, EY | 
this the farther, the longer the fine weatlier I 
will continne. , Againſt bad weather it-retires _ 
farther back: and againſt | very, temupeſtious* - 
weather it turns quite round, ſhowing no- 
thing but it's hinder parts: to the e by 
thus acquainting him with the approaching 
change of. the weather. At the commencer 


ment of fine weather, the web, "a wh 


VI +: ; 48 Deere 
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it ſurrounds it's corner, is but of moderate 
| extent: if the fine weather will be laſting, it 
chlarges it twb or three inches; and if it do 
this ſeveral times repeated, we may be cer- 
tain, that the weather will continue fine for 
* On the 22d of july, 1795, Mr. Diſ- 
hy 4 a4 4 „ 8 3 
Jouval foretold, from the behaviour of his 
ſpiders, a fortnight beforchand, that the 

water 0 the Rhine would fall ſo, as to ren- 
der it patiable by 4 bridge of boats; and in 
this manner it was actually paſſed.  _ 
un Th wintet they are as certain prognoſti- 
catdrs of approaching cold. If froſt and 
Mow- be coming on, they either ſeize upon 
webs already made, in which cale obſtinate 
Battles frequently enſue, or they make new 
Gies, abd labour diligently at them. Dif- 
J6nval found, from feveral attentive obſerva- 
tibas, that, from the firſt of the ſpiders 
putting theihſelves in motion tö the ſetting 
Ih of the froſt, nine days generally clapfed. 
We tive a friking inflance of the juſtice of 

this obſervation in the beginning of February 
153. The weather was fic, witin, aßd 


| there was no fymptom” of approaching fföſt. 
It wight have been ſuppdfet, that fires would 


o 
. 
: 
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be no longer required : but on the 4th of 
febryary, Mr. Digjonval announced, that a 

reat alteration in the weather would ſoon 
enſue, as, beſide other remarks of a fimilar 
kind, he had ſeen three ſpider's webs, one 
over another, in a place where there was not 
one the preceding evening. On the gth of 
february there was ice, and by the 13th all- 
the canals were frozen over. It was how pro- 
bable, that with the breaking up of this froſt 
the winter would terminate. This was the 
opinion of Mr. Disjonval himſelf: and he 
felt no ſmall ſatisfaction, in having been able 

to foretel the freezing of the canals ta a 
whole town, when ſuch a circumſtance was 
leaſt expected. A complete thaw in fact ö 
came on; but on a ſudden] he obſerved, con | 
trary to all expectation, a general buſtle | 
among bis ſpiders on the laſt day of fe- 
bruary. They ran backwards and forwards, 
began to ſpin webs. diligently, and attacked 
one another. Hence he inferred, that ſome 
remarkable change was taking place; z and. 
that very dry weather at leaſt, if not very 
cold, would enſue, This conjecture he an- 
nounced to the princip al kfeller in the 
town, and through! 2 to the public. Two 
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* after. it Trained, which ſeemed no way 
favourable to his prognoſtication; and this 
rain continued for five days, ſo that the va- 
Idity of his prediction appeared daily more 
* "queſtionable. Still, however, attentive to 
the Proceedings of. his ſpiders, he wrote 
every day to the ſame bookſeller, telling him 
* continued firm in the perſuaſion of the 
approach of cold or dry weather. On the 8th 
of march it blew hard ; on the gth it ſnowed ; | 
and on the roth the froſt was ſo ſharp, that 

All the canals were frozen over again. 
F be greateſt and moſt ſtriking inſtance 
| of the importance of theſe obſervations, and 

- the dependance that may be placed on pre- 
© ditions reſpecting the weather from them, 
zs the conqueſt of Holland by the french in 
the winter of 1794-5. Disjonval's keeper 
was inclined to the patriotic party, and in 
conſequence treated his priſoner with leſs 
Kriftnefs. Through his means Digjonval 
\gave notice to the patriots, that a hard 
winter would enſue, which would render all 
- the rivers and canals. paſſable on the ice. 
N The taking of the town by the french af- 
 . Forded him the only hope of being emanci- 
pated from his long impriſonment : it may 


e 
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be ſuppoſed, therefore, that he obſerved his 
ſpiders with the utmoſt care and attention. 
In the begirining of december he heard, to 
his great alarm, that the people talked of a 
capitulation, which would have annihilated 
his hopes at once. He uſed every means in 
his power, to make Known, that, from the 
operations of his ſpiders, a very ſevere froſt 


would inevitably come on, and this within a 
fortnight at fartheſt. The people gave credit 
to his prediction, did not capitulate, and on 

the 29th of december the froſt was ſo hard, 
that the french were able to paſs the Waal. 
The ariſtocratic party flattered themſelves, . 


notwithſtanding, that the froſt would ſoon _ 
break up, as on the 12th of january the 


water roſe, and was turbid, which was con- 


fidered as a certain indication of à thaw. 


Disjonval, in the mean time, wrote from his 
priſon to the editor of the Utrecht gazette, 
that, before three days had elapſed, a more 
. ſevere cold than the former would take place. 


On. this occaſion the ſpiders proved incom- 


parably better prophets than the turbid water; 


on the 14th of january the wind roſe, on 
I th it froze, and on the 16th the french 


1 
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entered Utrecht ; us the priſoner ies 
bis liberty. 
le continyed carefully to obſerye the 
ſpiders he could find, in order to give the 
french general freſh information, which was 
of ſuch importance to him in this daring en- 
terpriſe, On the 20th of january. a ſudden 
thaw came an. The general was alarmed for 
the fate of an army of a hundred thouſand 
illery, and began to 
think of a ſpeedy. retreat. But Disjonval 
had recourſe to his ſpiders, and they foretold 
froft. He ſent a couple of theſe little pro- 
Phets to the french general: they, were . cre- 
 Bited, their prophecies were pe er 
- french conquered Hollagd. 
Auch a ſtriking circumſiages: ; "ie 
| the french executive dizeRory. to inſtitute 
n gy into this new branch of knaw- 
 bediges: obſeryations will be ads, mo 
bably, in other countnes; and thus 
odious ſpiders may be found of great import- 
ane in meteorology, and anden of 
= wa 17. _ | 9580 
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CHAP. XXVI. 
"FW TREE FROG. - -- (4 


| Wajus we are on the fubje® of progngf- 
ticators of the weather, it may, not de gmail 
to mention two other animals, which , poſſeſs 
this remarkable and uſeful faculty of fore- 
telling changes in the | atmoſphere, by their 
actions, with ' tolerable accuracy- | Ong ef 
theſe is the dog. When, dogs. eat graks, ie 
commonly .infer, that rainy and ſtormy yea» 
ther will come on. But the tree frog, ar 
green frog, is much more diſtinguiſhable for 
this faculty; on account of hich it 15 kept 
in glaſſes, in many parts of Germagye a3, We 
keep gold:filb, and fed with live flies. Of 
this frag I will give you lame account. . 

The tree frog is diſtinguiſhable from other 2 
ſpegies by it's form, vpice, and. made of 
ring. It is gf 2 (mall ſize, graſs:gięen c- 
Jour, and} has four little raved. warte, or 
knabs, an the fare-fect, aud five: ep 
the hind-feet. The .,hind-fegt only. * 
webbed, and ingt more than balt-way vp the 
toes; 6b. which is-rpmarFable, it fim 
Ss 5 
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faſter than moſt, other frogs. The ſkin under 
the throat is pendulous; or hangs looſe ; but 
more ſo in the male than in the female. By 


means of the warts on the toes it can adhere 
1 the ſides of the glaſs, or other ſmooth 
1 ; and in this it is aſſiſted by the ſkin 
| of the throat, which likewiſe it ſticks, as it 
were, to the glaſs. This adheſion to a ſmooth 
perpendicular ſurface may be owing to two 
_ cauſes. The whole body is covered with a 
Lind of flime, and a glutinous moiſture 
"exudes from the warts, by means of which it 
may ſtick to the 'glaſs by coheſion. The 
preſure of the air is probably another cauſe: 
for, that this coheſion alone is not the cauſe, 
that enables tlie frog to ſtick to the glaſs, is 
evident from the circumſtance, that the frog 
Annot ſtick to the ſides of the receiver of an 
air · pump, when the air in it is rarefied, but 
4 always falls down.” Hence it appears, that 
the warts on the feet act as thoſe ſuckers, 
with which boys lift up ſtones. With one 
of theſe warts fingly the frog can fix itſelf to 
4he cover of the glaſs,” ſo that it e 7 
Nur ſuſpended from it. . 
The voice of the tee frog has very little 


ne to the croaking of other ſpecies, 
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It confiſts in tinued: creak, much like 
the rubbing of a blunt file againſt a piece of 
ſteel, or the back of a knife againſt an earthen 
plate. You may deceive the tree frog in'this 
manner, particularly in the evening, ſo that 
it will anſwer you with it's voice, when it 
hears this noiſe. It is only the male, how- 
ever, that emits this ſound, and not before 
he is three years old. To make this cry, he 
| ſwells up the ſkin of his throat like a thick 
round bladder, the fides of which ſhrink in, 
while he forcibly expreſſes the air from it. It 
is commonly in the evening after lunſet, and 
in the morning at eh thes this Po 
is heard | 
- Theſe frogs inhabit _ parts wm Kampe 
though we have never heard of one found in 
England. When they are at liberty, "they 
abide in the water during the ſpring ; but in 
ſummer they live moſtly on the land, climb- 
ing-up trees, and feeding upon inſects. In 
winter they bury themſelves under ground, a 
and remain torpid as long as the cold weather 
continues. In a glaſs, however, in a warm 
parlour, the tree frog will remain for weeks 
| fixed to one ſpot, and can live two or three 
months without food. If a live fly be 2 . 
; G 6 - 


| Into the glaſs the frog,c: 
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sit with a leap, 
which is ſo well aimed, that it fixes itſelf to 
the glaſs at the ſame time with all four feet. 
A dead fly it will not touch: and it never 
leaps after a fly, that remains without mgying, 
but fits Kill, watching it with fixed; and 
Raring eres. The moment the fly begins to 
move, the frag ſprings on it with extracndi- 
Dory agility and certainty, and ſnaps it up, 
uling for this it's thick rough tongue, rather 
thay it's lips. It eats fpiders, and other in- 
ſects, likewiſe; and may be deceived with 
other things, that look ſomewhat like inſects, 
it they be ſet in motion. Thus if a piece 
of a prune be faſtened to a horſe- hair, and 
moved a little, ſo as tg haye an appearance 
A being alive, the frog will leap at. it; which 
it would not, if the bit A wan ig 
un, or. held ſtiiili. 

The remarkable Gnfbility of this. —_ 
| ig changes in the weather renders it a kind 
; A. barometer, and e may frequently find 
Ass intimatians deſerve mare confidence, than 
thaſe of the riſing or falling! quick flyer. 


238 


'_ , When the tree frog dives into the water at 


the bojtom, of, the glatz, we may be pretty 
- eartany. that it will min. ſoon. Ann. 
| 1 © | 
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long in the water, the rain will continue ſome 
time. During, the continuance of the wet 
weather, it will abide principally in the water, 
and be tempted to leap out of it only by a 
fly, or ſome other prey. If the weather be 
very bad, the frog will be reſtleſs, or lie 
ſtretched ont as if dead on the bottom of the 
glaſs, or appear convulſed. On the other 
hand we may expect fine weather, when the 


the ſurface of the water, or climbs up a little 
ladder, that is placed in the glaſs. The crx 
gr png We ITT | 


"CHAP. XXVII. 
or THE RATTLESNAKE. 
beer of my readers, 1 1 3 
 heand of the rattleſnake, of which ſo many 
wonderful things have been tald. It cer- 


tainly deſerves noticę: and it is alſo proper; 
that the fabulous accounts given of it ſhould 


no langer be allawed to paſs current. In 
all things truth ſhould be our aim, and % 


4 


frog attaches itſelf firmly to the glaſs above 
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| Hould never overſtep its limits on any ac- 
count. Is it not abſurd, to recur to fable 
for the marvellous, when there is ſo much 
to excite our wonder and admiration in the 
plain facts, that nature exhibits to our 5 
ſervation * 5 151 

This terrible W is an ants of 

| Aires and frequents woods and moraſſes. 

There are different ſpecies of it; ſome 
blackiſh, others of a reddiſh yellow colour, 
bthers of à yellow red, and brown, ſtreaked 
with black lines. They differ in ſize like- 
wiſe ; the largeſt growing to the length of 
eight feet, and the thickneſs of a man's arm. 
This genus of ſnakes is diſtinguiſhed from 
all others by the rattle at the end of the tail; 
which is of a browniſh colour, conſiſts of 
feveral horny joints, moveable on each other ; ; 
and makes a rattling noiſe when the ſnake 


moves, whence it derives it's name. 
The bite of the rattleſnake is extremely 


fatal, on account of the ſtrong poiſon which | 
it inſtils into the wound it makes. This 
poiſon is contained in a ſraall bladder be- 


„ neath each of the fangs of the upper jaw, 


and is collected there in the largeſt quantity, 
- when the animal is irritated. The fangs are 
4 


= 


ne the two fangs, there being no viru- 
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hollow, and have a ſmall aperture, through 
which the poiſon paſſes into the wound. 
This poiſon kills the largeſt beaſts, as a 
horſe, or an ox, almoſt inſtaataneouſly. If 
a man have the misfortune to be bitten by 


one of theſe ſnakes, he has little chance for 


recovery, if the wound be not preſently cau- 
teriſed with a hot iron, or ſome cauſtic ap- 


"plied to it, which is {till preferable. The 


negroes make uſe of the cautery for the pur- 


poſe. ' There is nothing appears externally 
in the part bitten, except a couple of little 
holes like flea-bites, into which the fangs 
have penetrated. But a ſwelling ſoon comes 
on in the part, and ſpreads inceſſantly, till it 


occupies the whole of the limb, and at lengtn 
extends over all the body, the tongue grow- 
ing ſo thick, that the paſſage of the throat 
is ſtopped up. Immediately after the bite 


the perſon” feels an uneaſineſs, which gra- 


dually increaſes, till at length à mortal 


anxiety comes on, with burning thirſt, and 
terminates in a lamentable death, if timely 
recourſe” = not ty to the ee“ re- 


Nurse de "9 
The iſa: of the 05 however, is con- 


13 TAE PLEASING PRECEFTOR. 


lence in any other part of the body. The 
fleſh is nutritious, and well-flavoured, and 
is eaten by the Indians without injury. To 
obtain it they approach the animal behind, 
and ſtrike it dead. 
I The rattleſnake is particularly noted for 
the manner in which it takes it's prey. 
Much that 3 1s erroneous has been ſaid upon 
this ſubject, and a power of faſcination has 
been aſcribed to the animal. That it's prey 
very frequently. acts as if faſcinated, i is true ; 
' but. this ariſes from another cauſe, . The 
rattleſpake does not climb up trees, but 
frequently ſearches among the low buſhes 
for young birds. When the mother-bird 


Finds her neſtlings in danger, her affection 
for her young prompts her to their defence, 
ſhe futter about. the ſpake, attacks it 
| Fun her beak and claws, retreats a little 
from the danger, and almoſt inſtantly returns - 
to the attack. Sometimes ſhe is ſucceſsful, 
but oſſen ſhe , becomes the victim of her 
- Materng! heroiſm, and the ſne4ator, who 
has ſeen her apparently fly into the mgutþ 
of the ſerpent, aſcribes it to faſcination, Some 
cf you may have read- this very circum- 
ane elend pr er who . 
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accurate obſerver of nature, above 2000 
years ago, in the ſecond book of his Tus 
. 1 

It ĩs not improbable, too, chat the efluvia 
of the animal may have a ſtupifying effect 
on ſome animals, at leaſt within a certain 
diſtance : for we are told by Dr. Michaelis, 
2 phyſici ician at New-York, that-once, while 

was making a courſe of experiments on 
the Poiſon of the rattleſnake, he felt him 
ſelf ſtupefied by the effluvia of one, as if he 
bad been in a ſtate of i intoxication, ſo that 
he threw himſelf on his bed, and was half an 
hour before he completely came to himſelf 


OM are ec related, rs 1-4 the 
truth of which we have no reaſon to quel- 
tion, of perſons, who, on ſeeing rattleſnakes, 
have been fixed to the. ſpat, ſo that they _ 
could not run away. This, however, muſt 
be aſeribed to the power of imagination. A 
man, into whoſe mind this belief of their 
power of faſcination had been inſtilled, ſud- 
denly perceiyes 3 rattleſnake near, with his 
eyes fixed upon him. Is it wonderful, that 
his, unfortunate prejudice, and the fright 
with which he is conſequently ſeized, ſhould 
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prevent him from making any attempt to 


eſcape, when he firmly i imagines, theattempt 


would be vain ? Such a man has been ſaved 


by. his companion, whoſe imagination was 
leſs powerfully impreſſed by the idea; and 
made to feel, that nothing was wanting to 
enable him to, flee, but the exertion of his 
will. Is all ſituations of danger, men wh 


conſider themſelves : as loſt, . either make no 


; attempt to eſcape, or know not how | to ef- 


"Fe i it. This is what we call want of x pre- 
ſence of mind: a valuable quality, t the a. 


vant; tages of which, - as well as the miſchiefß 


. 
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atiſing from falſe impreſſions, : are obvious in 
the inſtance juſt given, and in numberleſs 
occurrences of common life. 
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ALROVLAR ACCOUNTS RESPECTING TOADS. 


To go on with theſe” odious creatures, as 
[hp many inconſiderately call them, we ſhall 
paſs from N. le frogs, mo Thakes to hag 
"owl. 1308 7 103 K 

Toads are held in ed by Ken 


| Perſons; and ſome are ſo much afraid of 
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them, that the ſight of one is fufficient' to 
make them run away, or even faint. Very | 
few, indeed, have courage to handle them. 
It muſt be owned, their appearance is not 
very engaging; they are ſoft, ſlimy, and. 
filthy, to the touch ; they live in wet, low, 
marſhy, dirty. places ; 3 have a flow, crawling 
motion; and from' theſe circumſtances pro- 
bably they are commonly repu ted venomous. 

2. confeſs myſelf, T like the lively' fit- 
ting redbreaſt better than the crawling, duſty 
green toad ; yet this animal is unqueſtionably 
innocent of the poiſonous! qualities aſcribed 
to it, as many have proved 'by repeated ex 
periment. It has no fangs, to inſtil venom 
by it's bite: : the glutinous Juice, that exudes: ' 
from the warts or pimples on it's ſkin; is not 
poiſonous, for toads have been repeatedly 
handled without injuty; and quacks have 
exhibited the diſguſting trick of ſqueezing 
their juices into a glaſs, and drinking them 
with impunity; and in the ſame manner it 
has been proved, that it's urine is equally 
innocuous. The moiſture it preſerves in u 


particular bladder has been ſuppoſed by 
ſome to be poiſon but Mr. Townſon,” who - 
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has ver accurately examined theſe animals, 
| has found 'F to be nothing but Clear 
water. 

The toad is capable of being domeſticate 
and rendered yery tame and familiar. 
gentleman was accuſtomed to feed a toad 
regularly for fix and thirty years, and every 
evening, as ſoon as the toad faw the candle 
lighted, it would come to the table, i in 
order to be liſted up on it for it's ſupper, con- 
fiſting of the maggots of the fleſh- fly, which 
were it's fayourite food, and various kinds 
of inſets. Theſe it would follow, and 
mhea within a proper diſtance, would fix it's 
ee, and remain motionleſs ſor flear A quar- 
ter of 3 minute, as if preparing for the 


* Aroke, which yas an inſtantaneous darting 


it's tongue to ſome diſtance upon the in- 
ſec, which ſtuck to the tig by a glutinous 

matter. This motion of the tongue is 
Auicker than the eye can follow. The toad 
here mentioned was called the old toad by 
this gentlemau's father, when the gentleman 
firſt knew it, and at laſt it's death was oc- 


A | _caſioned by an accident, ſo that N 


e en animal. 3 
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Indeed what is moſt remarkable in the 
toad is it's tenacity of life. Live toads 
have been found more than once encloſed 
in ſolid ſtone, or wood, which muſt ' have 
grown round them, and in which they muſt 
neceſſarily have been confined many years. 
The following are a few inſtances of 1 
kind. E 
„ large block of ſtone was ſeparated fm 
a quarry in Sweden, and as one of the work- 
men was hewing it into ſhape, he found with- 
in it a living toad. It's back was duſky, and 
a little ſpotted, it's belly of a ſomewhat 
lighter colour, and the whole body was in a 
mantier incruſted with little fragments of 
ſtone. The eyes were ſmall, round, yellow, 
atid covered with a tender tranſparent ſkin. 
The aperture of the mouth, too, was cloſed 
by a yellowiſh Kin; but beneath this, in 
each jaw, were found two ſharp teeth. It 
made ſcarcely any motion, except that it 
_ cloſed it's eyes when preſſed gently on the 
nend with a ſtick. On being ptefſed hard 
an the back, it emitted ſome cold water, 
and pteſeritly after died. The men altempted 
10 cut out che piece of ſtone, ik Which the 
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Ggure of the toad was e., but it 


crumbled to ſand. 
In the year 1764, 4 live toad was * 


in a quarry in Lorrain, fifteen yards below 


tthe ſurface of the earth; and the quarrymen 


a affirmed, that it was the ſixth found there, 
encloſed in the ſtone, within the period of 


thirty years. | 
In the year 1771, a a wall was pulled down 


in F rance, which was known to have ſtood. 
above a hundred years. Encloſed in the 
maſonry a toad was found, not alive it is 
true, but to all appearance. very lately dead. . 
In 1719 a toad was found in the root of 
an elm, which was as thick as a man's body. 
The. hole; 1 it occupied was exactly the fize of 
the toad, and when the wood was cleft it 
3 crawled out. On examination, no chink or 
aperture could be diſcovered, through which 
it had entered. 3 

„In 173¹ a Gmilar circuraſtanee 8 
in an oak of ſtill larger ſize. OL 50 

In 1780, a live toad was found, in the trunk |; 
of a large oak, ern feet from the root, ſo 
gon in as to be completely. ſurrounded 
With fold 0 0 It 7s, truck by the 


axe in hewing th wood, yet ſtill moved, 
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and appeared to be very old and feeble. The 
timber round it was perfeAly ſound, with. 
out any hole or chink. 
Theſe inſtances occurred, in Frakes; the 
following more recent was in Germany. 
| On the 26th of december, 1795, as ſome 
quarrymen were cutting a very large ſtone 
into ſmaller blocks, they found in it three 
live toads, two large and one ſtnall, in an 
oblong hole, varniſhed over internally with 
a yellowiſh-brown matter. No other hole 
was perceptible in this ſtone : there was no 
appearance of any communication between 
this, cell and the external air: and the ſtone 
near it Was equally hard as in other parts. 
ey were not willing to quit this hole, in 
Which it is impoſnple to ſay how long they 
mig ht bare reſided; and when they were 


en out, they leaped in again. At length, | 
being. Gree! upon the neigbouring gras, tbey 

hopped" a ut briſkly, and were not eaſily 
kept together ; but in the courſe of half an 
hour they all died. 10697 a 


luſtances of living toads included in = 
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F rom the inſtances related above to "Ws 
happened in France, Mr. Heriſſant, a french 
naturaliſt, was induced to make the follow- 
ing experiments. 

On the 21ſt of february, * 1771, be took 
three live toads, and encloſed them in a 
deal box filled with plaſter of Paris, each in 
a ſeparate hole, the plaſter of Paris being 
powdered. and wetted, and covering them 
on all fides to ſome thickneſs. On the 8th 
of april, 1774, which was more than three 
| years afterwirds, he opened the box. The 
middle one, which was the largeſt, he found 
dead, perhaps becauſe it was too tightly 
_ jammed in: the other two were alive and 


well. | 
In what men $7 2p! angular fats 
be explained? Ho the toads in the caſes 
mentioned above got into the ſtone, or wood, 


| how long they lived there, and on what they 
| lived, are queſtions not eaſy to be ſolyed. 4 
With regard to the firſt, it ſeems ſcarcely | 
ſuſceptible of-any other anſwer, but that the ; 
<2; muſt have fallen acidentally into the 
Fi matter, that compoſed the ſtone, while this 
was 2 or into the tree, as it began to 
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ſprout form the feed. Form this egg the 


animal was gradually developed, and grew, 
while the ſubſtance that ſurrounded it yielded 
to it's extenſion. 

In the ſtone, indeed, it PR be ſup- 
poſed, that the animal had attained it's full 
growth, when it was firſt enveloped by the 
ſoft matter, that afterwards hardened into 
ſtone ; but in the caſes of trees this mind 
tion ſeems inadmiſſible.” | 

As to the ſecond queſtion; how long have 
theſe toads remained in their holes ? we can 
only ſay, from the time when the ſtone was 


a a ſoft maſs, and the tree firſt began to grow. 


But when we reflect on the length of time 
an oak takes in growing up to a large tree, 
the age of the animal muſt aftoniſh us. It 
ſeems ſcarcely credible, that an animal ſhould 
remain motionleſs for a hundred 'years or 
upwards, during which it could neither em- 


- ploy it's feet in walking, it's mouth in eat- - 


ing, nor it's eyes in ſeeing ; yet there ig/little 
reaſon to doubt, that this muſt have been 
the caſe. It js ſurpriſing too, that an ani - 


mal, which had continued ſo long without 


moving, ſhould have the capacity of uſing 
it's feet, and know how to uſe them. 


| VOL. 1. H 
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Of nutriment the animal would have little 
or no need, probably, in ſuch. a. ſituation, 
As in moſt of the inſtances there was no 
room for any thing to be diſſipated, no freſh 
ſupply would be wanting, The trees too, 
in which the toads were found, could not 
be deficient in moiſture while green. 


CHAP. XXIX. 
o 
THE MONK'S GHOST. 
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Tuxxx are few of my readers, I ſuppoſe, 
who have not heard of ghoſts and appari- 
tions: though as knowledge is more gene- 
rally diffuſed, and people are become leſs 
Tuperititious, | {tories of this kind are * no 


. 


= 
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means ſo frequent as formerly. Some of the 
inſtances, that have been related, have exiſted” 
only in the lively imaginations of timid. 


people; or have been abſolute fictions, 


framed for ſiniſter purpoſes. Others have 
been real, but without any thing ſuper- 
natural in them. The ſight and bearing are 
the two moſt uſeful of our ſenſes, but at the 
ſame time moſt liable to be deceived, parti- 
cularly the fight. The circumſtance I am 
about to relate would, no doubt, have ter- 
rified an ignorant and ſuperſtitious man, and 
probably have circulated as a true narrative 

of an apparition: happily it occurred to 4 


man free from ſuperſtition, and well FRONT 


in natural philoſophy. 

Mr. Schmidt, mathematical aces at thas 
ſchool, of Pforte, near Naumburg, which had! 
formerly been a cloiſter, once happened to! 
awake ſuddenly, as the morning began to 
dawn; On opening his eyes, he beheld 
with aſtoniſhment a monk, {ſtanding at the 
foot of his bed. Looking at him ſtedfaſtly, 
he appeared to be well fed ; and his head, far 
from ſmall, was ſunk a little between a pair 
of very broad ſhoulders. The chamber was 
ſufkciently ſecured; Mr. Schmidt alone ſlept 


RH 2 
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in it; and he was very certain, that no one 
would attempt to put a trick upon him in 
Jeſt. He knew, alſo, that no part of his 
clothes, or any thing elſe, was hanging at 
his bed's foot. The figure exactly reſem- 
bled that of a monk, clothed in a white 
ſurplice, the falling folds of which were very 
clearly to be diſtinguiſhed. 

Had an ignorant and timid man beheld 
this appearance, he would probably have co- 
vered himſelf up with the bed clothes, and 
firmly maintained, that the ghoſt of a monk 
had appeared to him. As the ſchool had for- 
merly been a cloiſter, many monks had been 
huried both in the church and church-yard, 
and it was currently reported among the 
vulgar, that the place was haunted. After 
ſuch an evidence, therefore, the report would 
have been conſidered as true beyond all 
controvenly. MF 4.3 
M.. Schmidt, however, was neither i igno- 
rant nor timid, and he immediately conjec- 
tured, that his eyes were deceived, though 
he could not imagine in what manner. He 
raiſed himſelf up a little in his bed, but the 
apparition did not move, he only ſaw ſome- 
what more of it, and the folds of the fur- 
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plice were ſtill more conſpicuous. After a 
little while he moved toward the right, yet 
the apparition remained, and he ſeemed to 
have in' part a fide view. of it ; but as ſoon 
as he had moved his head ſo far as to have 
a flight glimpſe of the bed's foot, the appari- 
tion retreated backward, though ſtill with it's 
face to the bed. Following the apparition 
quickly with his eyes, it retreated with 
ſpeed, ſwelled as it retreated to a gigantic 
form, a ruſtling noiſe was heard, and—— at 
once the apparition was changed into the go» 
thic window with white curtains, which was 
oppoſite the bed's foot, and about fix or feven 
feet diſtant from it. 
Several times after this Mr, Schmidt 
endeavoured, when he awoke, to ſee the 
ſame appearance, but to no purpoſe, 
the window always looking like a window 
only. Some weeks after, however, on 
awaking, as day began to dawn, he again 
perceived the monk's apparition at his 
bed's foot. Being now aware what occa- 

ſioned it, he examined it narrowly. The 


great arch of the window formed the monk's' * 


ſhoulders; a ſmaller arch in the centre of 
this, his head; and the curtains, the ſur- 


H 3 


| 150 THE PLEASING PRECEPTOR, 


plice. The folds of theſe appeared much 
ſtronger, than they did at the ſame- diſtance 
by daylight. Thus the figure of the monk 
appeared plainer, nearer, and en the 
window would have done. 

But you will aſk, why did it appear fo 
To this queſtion, by the help of the cut, 1 
ſhall probably be able to gre you a \ ſatts- 
bes anſwer. 1 
Let the eye of the obſerver be at O. Mr. 
Schmidt himſelf confeſſes, that he is ſome- 
what nearſighted, that is, incapable of diſtin- 
guiſhing objects plainly at a diſtance. Now, 
ſome preſſure upon the eye, or probably the 
moiſture collected upon it, or ſome other 

- Cauſe, had brought the eye to ſuch a ſtate 
during ſleep, that it was capable of diſtinct 
viſion, or ſeeing objects diſtinctly at a greater 
diſtance than uſual. That this was the caſe is 
clear, becauſe the folds of the curtain appeared 
more diflin&ly than common. Accordingly 
tlie obje& at twelve feet diſtance appeared 


with the ſame degree of diſtinctneſs as in 


ordinary caſes at fix feet, and hence Mr. 
Schmidt conceived the idea of it's being only 
fix feet diſtant ; for the clearneſs, with which 

© an object is ſeen, is one of the circumſtances, 


. 
-- 
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by which we judge of the diſtance of an 
object. The angle of viſion, A O B, 
under which the window was ſeen, under- 
going no change, the figure of the monk 
muſt have been ſeen under the ſame angle, 
and as it appeared to be at the foot of the 
bed, it would ſeem to extend only from a 
to b, and conſequently. to be much ſmaller 
than the window actually was, probably 


about the fize of a man. Thus, as the figure _ 


of the window had a conſiderable” reſem- 
| blance to that of a monk in a ſurplice, the 
deception in the faint light of dawn was 
complete. — * 

Still the apparent retreat of ths mack 
and his growing bigger, as the eye changed 


it's poſition, remain to be accounted for. : 


Theſe phenomena, however, are eaſily de- 
ducible from the ſame principles: for, as the 
idea of the ſmallneſs of the figure aroſe from 
the nearneſs, at which it was ſuppoſed to be, 
and this proceeded from the unuſual clear- 
neſs, with which it was ſeen ; fo, when the | 
eye began to return to it's uſual ſtate, which 

vas effected perhaps by the change of poſi- 
tion, or when, by it's being directed to the 
foot of the bed, the window, or figure of 
a H 4 | 


ON * — 
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the monk, was ſcen with leſs clearneſs than 
the bed's foot, the ſame. impreſſion was 


made upon the eye, as if the figure had re - 


treated from the foot of the bed; and as 
the angle of viſion remained the ſame, the 
monk muſt have appeared to grow larger, 
in proportion as he retreated from a b. to 

AB. At length, when the eye bad returned 
completely to it's former ſtate, the window 
appeared as uſual, and thus the phantom 
_ vaniſhed, The ruſtling noiſe heard at the 
time muſt have been merely accidental, yet 


pPreſs the e e e e eee 
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SOMETHING MORE ON THE Wer or 
| SWINGING. | 


e reminded his father of the i pro- 


| miſe he made him, which we mentioned 


in the 24th chapter, of explaining to him 
how any one. could ſwing himſelf, without 
being impelled by anether perſon. He had 
learned to do it, and wiſhed to know the 


Principle, on which his proceeding was 


founded. 


it would have tended more ſtrongly to im- 


U 
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F. * The whole of the art conſiſts in a 
ſuitable alteration of the centre of gravity. 
When you ſwing yourſelf in a common ſwing, 
ar in the pendulum ſwing as it might be very 
aptly termed, what is it you do, to fet it in 
motion at firſt, and gradually to increaſe this 
motion ?” 

FV. I bend my body — back- 
ward and forward. 

F. When you bend your body bavks | 
ward, what follows?“ 

V. The rope moves a little Send ln 

F. And when your bend your 5 
ward 77 

W. <« The rops moves a little backward.” 

F. “ Now, from. what you have already 
learned reſpecting the pendulum, we may 


_ . eaſily deduce an explanation of this.“ 


At firſt the rope. hangs perpendicularly - 
in the direction C A, p. 112. The centre 
of gravity of your body, therefore, is in A. 

On bending. your body backward, the centre 
ol gravity is carried backward, ſay to D: will 

the rope now remain at reſt + © 

W. „No; for the ceritre or” oe: 
Geſcend to the loweſt point A.” | 


TH 


* 
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F. * Thus a commencement of the mo- 
lion is made. But will the centre of gravity 
remain at A, and the motion ſuddenly ceaſe 
chere 18 | 

V. No; it has already acquired cane 
pr which will continue it's motion be- 
yond A, in a curve A B, equal to D A.” 
F. “ But when you, or rather your centre 
of gravity, has reached B, if you bend your- 
{elf forward, fo as to carry the centre of gra- 
vity ſtill farther from D, as to E for ex- 
ample, what will follo FW,? | 
N. The centre of gravity will deſcend 


through the curve E A, and aſcend, by the 
velocity it has Squared; * an equal 


curve A F. 
., Now, I believe I can explain the con - 
tinuance of the motion very well : for in F 


1 bend myſelf back again, ſo as to carry the 


centre of gravity beyond F, and have a ſtill 
longer curve to paſs through in the third 
ſwing; and when I return, I do the ſame 


| __ 


2-4 Very right ; and in this manner hy 
curve is made longer and longer: a boy, who 


is uſed to it, as you know, can {wing him 


«+ 
— 
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ſelf almoſt! through a complete ſemi-circle, 
fo as to make his feet touch the cieling of 
the room in which he ſwings. Yet I would 
adviſe you not to ſwing yourſelf quite ſo 
violently, for ſwinging with moderation is 
leſs dangerous, and affords ſufficient” exer- 
ciſe ; leave violent and hazardous be 
to the ruſhans.” pi 7501 
F. Why to the ruſhans.” ap 42 
F. © Becauſe I believe there are no other: 
8 ſo extravagantly fond of ſwinging, or 
rendered ſo expert at it by practice. There 
is ſcarcely a houſe in Ruſſia without ſuch a 
ſwing as ours; beſides which there are pub- 
lic ſwings of various kinds, not common 
among us, in which poop of all ranks rs 
for amuſement.” “ 1 e 35 
0. | NT. A Al 
7 s Düne! 2244 
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| RUSSTAN SWINGS.” A a. 
. 77 Wrar kinds of wing DN this: 
3 then? * * | * 21. 22114 


F. I Will tel you; and as you: have 
ſome knowledge of the ſcience of mechanics, 
H 6 
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a ſhort account of them will be neither 
unamuſing to you, nor e ae 


«In the firſt place, our common rope 
ſwing is univerſally known in Ruſſia. | 
„ "Refide this, there is the kat/chel, or ordi- 

nary ruſſian fwing, which conſiſts, - inftead of 
a rope, of a perpendicular pole, -moveable 
on an axis above, and provided with a feat 
at bottom, which is well ſecured, and fo 
contrived, that the perſon cannot fall out. 
Before the perſon that is to be ſwung, 
there is a place for an expert man, who ſets 


the machine in motion. At firſt the 


ſwing moves ſlowly, and but a little way; 
it's velocity gradually increaſes, however, and 
at length the bold ruſs gives the ſwing. 
ſuch a violent impulſe, that it turns com- 
pletely round it's axis: a movement that 
would unqueſtionably appal a perſon unac- 
cuſtomed to it. | 

Both theſe belong to the kind of pendu- | 


lum ſwings. Another kind conſiſts of the 


wheel, or rotatory ſwings, which revolve 
cucularly round an axis. Theſe are of two 
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« The perpendicular rotatory ſwing con- 
ſiſts of a ſtrong horizontal axis, through 
which two pair of long and ſtout beams 
paſs, forming four arms, at right angles with 
the axis, and with each other. Each of the 
arms conſiſts of two beams, between which, 
at the end, a feat is ſuſpended, moveable” 


on an axis, ſo as to preſerve it's perpendicular | 


ſituation, while the arms move round. For 
the ſake of ſecurity the arms are faſtened to 
each other with croſs pieces, ſo that the 
machine altogether does not appear much 
unlike a large water-wheel of a mill without 
the felloe and float- boards. The ſeats are 
ſecured with doors; and when the machine 
is made ſtrong as it ought to be, it is per- 
fectly free from danger. Each ſeat will 
hold two or three perſons, hut it is neceſſary, 
that the ſeats oppoſite each other ſhould be 
nearly on a balance. | 

„The machinery, by which this ſoing i is 
ſet in motion, conſiſts of a toothed wheel, 
made of iron, fixed to the axis of the ſwing, 
and a cog · wheel adapted to it, which is turned 
round by means of a winch. At firſt it 
moves ſlowly, and requires ſome exertion; 
but when it is ſet a going, if the weight be 


\ 
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| equally diſtributed, it may be kept i in mo- 
tion with eaſe. . 


This kind of ſwing is common in Per- 
fa, Egypt, and ſome other countries, as well 
as Ruſſia. Some years ago it was well known 
in England by the name of up-and-down, 
but in conſequence of ſome accidents, and 


the interference of the magiſtrates, it came 


into diſuſe.” Lately, however, it has been 
revived, and made it's appearance as a no- 
velty at ſome of our fairs. 

The horizontal ſwing is ſufficiently fa- 


miliar in this country under the name of 
round - a · bout. It conſiſts of a large wheel, 


ſupported horizontally on a perpendicular 


axis, with wooden horſes and carts fixed al- 


ternately at certain diſtances on the felloe. 
With us it is a play for children merely, but 
in Ruſſia grown people are amuſed by it.” 


* 


— 
1 * * 


©, CHAP. xxXn. 


TAP THE" none HORSE. 


3 


F. * Wu we are Wien of Fr ci 1 
may mention another kind, Where the vi- 


. 1 7 
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brating motion is effected by means of a 
curved foot, or ſupport. Of this ſort are 
the cradle, and the rocking-horſe, ſuch as 
you had when you were a little boy, and 
which grown perſons ſometimes uſe by way of 
exerciſe. Have you any wiſh to conſider 
the movement of the rocking-horſe?” . 
VV. lam always glad to learn any thing, 
in which you pleaſe to inſtruct me.“ 

F. We will draw the figure of a rocking- . 
horſe, then, riſen on it's hind legs. See p. 
108. The ſupport is a ſegment of a circle, 
AE N., of which C is the centre, and C A, 
E., CN, are radi. The ſupport now 
touches the ground at A. On the horſe ſits 
a boy. The centre of gravity of the boy 
and the horſe together is at G. Can the 
horſe remain in this poſition?“ 

IV. No, certainly; for the centre of 
gravity is not ſupported, as the perpendicular 
line from the centre of gravity to the ground, 
G F, does not fall on the "un a: on which? | 
the ſupport bears. * 

F. © The- conſequence of this muſt be, 


that the fore part of the horſe will deſcend 


by moving forward. In doing this every 
point of the curve A E will touch the ground 


1 


- 
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one after another, and the middle point of 
the curve, E, will come to the ground in 
D. When it has artived here, where will 
the centre of gravity be?“ 
. In I, or ſo that 0.4 be equal 
to E G.“ | 
F. But now will the centre of gravity 
be higher or lower than it was before in G?” 
N. It appears as if it were lower.“ 
F. Do not ſay, it appears; we muſt not 
- be fatisfied with appearances merely. It 
does, and muſt he lower, as may be proved 
. geometrically. For D I is equal to E G, 
as you very properly faid juſt now: but 
E G is leſs that O G, as you have learned 
geometry enough to know“, ſtill more con- 
ſequently muſt it be leſs than FG; fo that 
D I muſt neceſſarily be leſs than F G; in 
other words the centre of gravity muſt be . 
nearer the ground in ] than in G. 
„ You will now be able to pou * 
the argument yourſelf.“ 1 
W. „As the centre of gravity defends 

from G to I, it will aſcend from I to H, for 
the machine cannot ſuddenly ſtop when the 
centre of gravity has arrived at I, on ac- 
| * Euclid, _ 3» prop. 7. 
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count of the velocity it has acquired; From 
H it will deſcend again to I, and thence 
aſcend to G. And in this manner it will go 
on alternately n. back ward and for- 
ward.“ 
F. « Thus the motion ſhould continue 
indeed, did not the reſiſtance of the air, and 
the friction of the ſupport againſt the 
ground, conſtantly operate to retard it, ſo 
that the movement of the horſe would ſoon 
ſubſide into a ſtate of reſt, if it were left to 
itſelf, The boy fitting. upon it, however, 
can eaſily keep it in motion, by bending his 
body alternately backward and forward, ſo 
as to alter the ſituation of the centre of | 
gravity. „ 
The point C in this mochinn Aa 
moves in a rot gt ak ee __ 
from K to CG. 

If the centre of gravity were in Fol tlie 
horſe would ſtand ſtill as readily in the poſi - 
tion in which it is repreſented in our figure, 

as in any other, juſt as a wheel will ſtand 
equally well on any part of it's circum». 
ference. If the centre of gravity were 
higher than C, the horſe would tumble 
over. But while the centre of gravity re- 


©. 
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mains below C, it will continue to vibrate 
like a pendulum, as will be obvious to you, 
from what J have already ſaid.“ 


CHAP, xXXXII. 
2 FRIENDSHIP OF A GOOSE. 5 


5 Ton have: frequently 1 told, my dur 
children, that it is extremely wrong, to hurt 
or infli& pain on an animal ; yet there are 
many, who do it from mere wantonneſs, 
without any malicious intention; as they 
are far from thinking, that a dog, a cat, a 

butterfly, or a cock -chafer, has a ſenſe of 
pain, as well as a man. It is ſtill more un- 
pardonable in grown perſons, to beat and 
abuſe mute beaſts, incapable of expreſſing 
their feelings by their cries. - How often 


. does the brutal carman ill-treat his poor 


| horſe, unable: to drag a heavy load over a 
ſlippery. pavement, or up a ſteep hill! How 
often does the man, whoſe mind ſhould be 
more enlightened, and feelings leſs blunted, 
laſh along his jaded beaſt, leſt his dinner 


{7 hould be delayed half an hour! Let your 
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own heart prompt you to treat with com- 
paſſion thoſe dumb animals, which have not - 
the power of ſpeech, to reproach you fort 
your barbarity, and remember what is writ- 
ten, The righteous man is merciful to his 
beaſt. | 
One of the RON? 'of Kara hiſtory 
is, that in making you intimately acquainted 
with animals, it tends very powerfully to 
impreſs upon your minds the juſtice and 
compaſſion you owe them, of which you are 
fo apt to loſe fight. . You will find in the 
ſtructure of their bodies, their mode of life, 
their inſtin&s, their capacities, their charac- 
ter, and their inclinations, ſo much that is 
- admirable, and often that is noble, as will 
not fail to make you aſhamed to treat with 
barbarity, or even to deſpiſe a creature, on 
which nature has employed ſo much care. 
Of late years many authors have appeared 
as advocates in the cauſe of the brute crea- 
tion; and, to give more weight to their ar- 
guments, have collected a number of exam-_ _ 
ples, which ſet the worth of animals in a 
conſpicuous light. I will relate a few of 
thoſe which will probably give you a higher 
opinion of ſome animals, than you have 


* * 
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3 entertained; and chiefly ſuch as 
_ . diſplay nobler qualities of the heart and 
mind, than men uſually allow to what we 
call irrational creatures. 
The firſt inſtance I ſhall adduce will be 
that of a ſingular n between a gooſe 
and a dog. 

At. Little-Grove, 1 in Hertfordſhire, was a 
goole of the ſpecies called Canada geeſe, 
which are fond of roaming at large, and do 
not like confinement. This gooſe, however, 
had contracted ſuch a friendſhip for the 


bis houſe, in which be was chained, Fe 
it only when (he went for food, and the 
moment ſhe had eaten it, returning to her 
poſt. Thus ſhe fat all day by the houſe of 
her favourite ; though ſhe never attempted 
to go into it, unleſs it rained. If the dog 
barked, ſhe immediately began to cackle,. 
flew at the perſon with whom ſhe ſuppoſed 
the dog to be offended, and endeavoured to 
bite his legs. Sometimes ſhe attempted to 
partake. of the dog's food; but this the 
| dog,” who repaid the warmth of her friend- 

chip with apparent indifference, would not 
permit. When the reſt of the poultry re- 


| yard-dog, that ſhe continually -- kept. near 
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tired to rooſt, ſne would not quit her dog 
without compulſion. In the morning, when 
driven to the field with the others, there was no 
getting lier away from the gate of the court · 
yard, where ſhe could at leaſt have a ſight 
of the dog, and before which ſhe would ſit 
the whole day. At length the owner of the 
faithful gooſe, reſolved to leave her to follow 
her own inclinations, and not afflict her by 
any forcible ſeparation. Being thus at li- 
berty to obey the impulſe of her attachment, 
ſhe paraded about the yard at night with the 
dog, while he was on the watch ; and in the 
day, when he took a walk into the village, 
| ſhe accompanied him, ſometimes walking, 
ſometimes flying, to keep pace with his trot. 
This extraordinary. attachment continued 
till the dog's death, which happened two 
years after it had been firſt noticed. - During: 
the illneſs of the dog, ſhe never left him, 
even to procure food, and would proba- 
bly have been ſtarved, if ſome corn had not 
been placed in a diſh by the dog's houſe. 
The whole of the time ſhe ſtaid in the 
houſe, and would not ſuffer any one to 
come near it, except the perſon who brought 
food for the dog and herſelf, The end of 
; 14 | 


1 0 
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this gooſe was melancholy. After the death 
of the dog, ſhe would not leave his houle 
for a long time. At length, a dog of nearly 
the ſame fize and colour being procured as 
his ſucceſſor, the poor creature, deceived by 
outward appearance, and ſuppoſing it to be 
her old friend, went confidently into the 
houſe to the dog, who ſeized her by the 
neck, and killed her on the ſpot. 

Wbat renders this hiſtory remarkable i "** 
that the friendſhip . commenced after the 
goole was grown up; that it ſeemed to be 
entirely on one fide; and that it was not the 
effect of habit, but apparently aroſe from 
gratitude and a ſentiment of reflection; for 
it was univerſally believed at the time, that 
the dog had fortunately been the means of 
ſaving the gooſe from being devoured by a 
fox. The gooſe, who had probably more 


than once diſcovered traces of the fox, found 


herſelf ſecure under the protection, and in 
the company of the dog, and voluntarily 
repaid his ſervices in kind, attacking the 
| enemy, to whom the chained dog could only 
| ſhow his teeth. 
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CHAP. XXXIV. 
AN EXPERIMENT WITH CORK-BALLS, 


Father. * William, get a bit of cork, 
and cut out of it a little ball: in the mean 
time, Caroline, thread a needle with filk; 
and I will ſhow you an . experi- 


— 


ment.“ 


The cork ball was cut out, and Caroline 
had ſtrung it on a thread of ſilk. 

F. « We will now hang up this ball, fo 
that it may be ſuſpended. freely, without 
touching any thing. William, take this. 
Mick of ſealing-wax, rub it a little with this 
piece of flannel, and then hold it near the 
cork-ball.“ 

William did as his father told bim: the 
cork-ball moved toward the me en 
and ſtuck to it. 

After it had ſtuck to the ſcaling-wax a 
little while, William ' ſeparated them. He 
then preſented the ſealing-wax to the cork 
again, and, to his ſurpriſe, inſtead, of moy- 
ing toward it, it now retired before it » 


— 
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that William could drive it from one place 
to another, as he pleaſed. Thus it frequently 
happens, when two people haſtily contract 
what they call a friendſhip for each other, 
after a ſhort intimacy they conceive ſuch an 
_ "averſion, as to ſhun each other whenever 
they happen to meet. | 
This is very ſtrange,” ſaid William, 
* what is the reaſon of it?“ 

F. That it is ſtrange, is very true; but 
* almoſt 2 thing that occurs in nature is 

equally ſo; only what we ſee daily does not 
excite our wonder. And when it is aſked, 
what is the reaſon of it ? it is ſeldom in our 
power, to give a ſolid anſwer. It would be 
much better, fairly to confeſs this, than to 
fancy we aſſign a reaſon, when we merely 
give a name to the phenomenon, or expreſs 
it in words. For example; what makes a 
ſtone fall to the ground? Gravitation, 
you will ſay.— But what is gravitation ??— 


A power that impels bodies towards the 


earth. Here the word gravitation explains 
nothing; it is merely a name for the phe- 
nomenon of falling or preflure ; and when 
you attempt to explain it farther, you _ 
4 deſcribe the phenomenon. a 
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In like er, why does the cork ball 
firſt follow the ſealing-wax, then adhere to 
it, and, after they have been ſeparated, re- 
treat before it? The anſwer is; it is the ef- 
fe& of electricity. But the word electricity 
no more explains this phenomenon, than 
gravitation does the other; it is merely a 
term to denote the cauſe of the phenome- 
non, with which we muſt not imagine our- 
ſelves acquainted, becauſe a word has been 
framed to expreſs it. We might as well 
have expreſſed it by x, y, or 2z, as the alge- 


braiſts do unknown numbers, while du 8 


finding their values. : 
The word electricity has a; 8 


fur this propaſh from electrum, the latin i 


| W n 
any thing more of algebra than the name, though it 
is on ſeveral accounts a ſcience of great utility, with | 
which I hope many of them will be acquainted 
hereafter, I ſhall juſt, mention, that it. is a kind of 
arithmetic; in which letters are employed to expreſs 
numbers; for ſuch numbers as are known, as the three 
numbers given in the rule of three, the algebraiſt uſes 
the letters at the beginning of the alphabet; for ſuch 
as are unknown, as the fourth number, or number 
Fought, in the rule of three, he uſes the letters at the 
end. , | 


vor, 1. 1 
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word for amber, in which: os property was 
firſt diſcovered. But in this caſe, as in 
others, we cannot do better, than examine 
and compare the circumſtances with which 
we are acquainted z that 1s to fay, the ap- 
pearances themſelves, which will find us 

ſufficient employment; for the alphabet of 
nature is more extenſive even than that of 
the chineſe, though happily more amuſing. 
Accordingly we Will vary our experiment a 
httle. Cut out-a ye more of cork balls, 
William. 

« Hang one of Wenn ene thread; 
and hang up the other by a narrow flip of 
| paper Now rub your ſealing-wax again, 
* as you did before, and hold it hear theſe 

\ cork balls: you will ſee a n ciffer- 
ence in the phenomena.“ | 

William rubhed his ſtick of ſealing-wax, 
- held it near the cork. Halls, and they ap- 
peared to be attracted by it more forcibly, 
than that which was ſuſpended by the ſilk. 
Having ſepatated them from the ſeal- 
ing-wax, he held this near them again; 
- when, inſtead of flying from it, as the former 
ball had done, they were as forcibly attracted 


— 


* 
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_ it as before. It was exactly the ſame on a 
freſh repetition of the trial. 

F. „Try the effect of a ſtick of * 
wax without rubbing it firſt. 

They were neither attracted nor repelled, 

F. „And now of this key.” 

It had no effect upon the balls, either 
3 or unrubbed. 
And now of this glas r | 
A — again William found the Cut 3 
nomena as with the ſcaling-wax. Without 
being rubbed the glaſs rod had no effec: 
when it was rubbed, it attracted each of the 
balls; and if that, which was ſuſpended by 
the ſilk, were parted from it after they had 
been together a few moments, it was then 
repelled by it, while the other two were . 

formly attracted. by it. 

Ido not underſtand it,” aid william,” 

F. We will vary the experiment again 
a little, and then fee whether we can make 

any thing of it. 5 

Caroline uus deſited to ſtring aan cork 

ball upon à thread of fk; and this was hung 

up at a little diſtance from the firſt, that was 
allo ſuſpended by a ſilken thread, ... * 

1 2 
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Firſt each ball was tried with glaſs, and 
with ſealing-wax, to ſee whether they were 
acted upon alike. 

Then both the glaſs rod and the feeling 
wax were rubbed, or electrified : one of the 
balls was firſt attracted by the glaſs, and, 
after it had been ſeparated from it, repelled. 
The ſealing-wax was then preſented to it, 
and immediately it was attracted by it 
ſtrongly, and ſtuck to it. Thus the ball, 


cat the glaſs repelled, was attracted the 


- "mare powerfully by the ſealing-wax 
. On reverſing the experiment, it was juſt 


: | 55 ſame thing. If the ball were firſt at · 


_ tracted by the ſealing-wax, and afterward re- 
pelled by it, it was then the more forcibly 
attracted by the glaſs rod. 1:4. 
The action of glaſs, thilefore, and that of 
ſedling-wax, were oppoſite to each other. 
An experiment was now made with 3388 
the balls ſuſpended by ſilx. 
Firſt they were both attracted by the glaſs 
wood they were then ſeparated from it; the 
| glaſs rod was removed to a diſtance, and the 
balls, thus left to ee an re- 


py 
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It was preciſely the ſame, when both were 
electriſied by means of the ſealing- wax. 

But when one ball was electrified with the 
ſealing- wax, the other with the glaſs rod, and 
they were then left to themſelves, they a1 
traged each other. 

Little balls of ſealing-wax, ſuſpended in. 
the ſame manner by ſilken threads, were 
ſlightly attracted by a ſtick of ſealing- wax 
previoufly rubbed ; but they neither at» 
tracted nor repelled each other afterward ; "WF 
nor were they repelled by the ſealing · wax. 


Car. xxxv. 


CONTINUATION, F4 a, 


Father. « At firſt fight theſe 0 

ſcem tolerably puzzling ; but we will try, 
whether they will not lead us to ſome notions, 
that may contribute fomned their explana- | 
tion. 

38 en and Dab, wh rubbed, 
exhibited marks of electricity: iron did not, 
iter with or without rubbing, 


"14 
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Thus we find there are bodies, in which 
native electricity may be excited, and others, 
in which it cannot. Hence the former are 
called electrics ; the latter, non-electrics. 
Among the former are glaſs, ſealing-wax, 
amber, pitch, ſulphur, fitlk, &c. Among 
the latter, metals, water, paper, green 
wood, &c. 

The cork balls Spendet by ſilken 
threads, after being touched by an excited 
electric, exhibited an electric property, which 
the electric had imparted ta them; but 190 
balls of ſealing-wax did not. 
Electricity may be diſtinguiſhed, there 


fore, into ative and communicated. Bodies 


which exhibit the former do not receive the 
latter; and, on the contrary, no native elec- 
* tricity can be excited by rubbing in thoſe, to 
which electricity may be communicated from 
others. 

The cork balls exhibited this commu- 
_ . hicated electricity, when they were ſuſpended 
by filken threads; but not when ſuſpended 
by a flaxen thread, or a flip of paper. The 
filk, therefore, appeared to confine the elec 
tricity communicated to the balls, ſo that 
it could not efcape from them; the other 


=. 
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| ſubſtances, on the contrary, to gives a me 
to * | | 
Hence we may jap 8 whale 
10 not conduct electricity, vn · conductanm 
and bodies which do, conductors: Nodes 
that are electric per ſe, as alas, ſealing- wax. 
ſilk, &c. are non - conductors, asg app in 
ſome meaſure from our little experiments: 
the non; electtics, as metals, waters, c. are 
conductors of electricity. A non- electric 
body, when ſeparated from other non-etec-. 
trics by means of an electric body, or non» 
conductor, is ſaid to be 'zn/ulated, Thus the 
cork ball was inſulated by the filken thread, 
ſo that the OY N to it could 
not eſcape. 
8 * Whesejoftricity bed bes Guse 
cated to the inſulated cork balls from ſeal · 
ing- wax, the native electricity of ſealing. 
wax repelled them: fo when it was commu-. 
nicated to them from the glaſs, they Were 
repelled by the glaſs. On the other hand; 
when they were electrified by the ſealing : 
wax, they were eee de by = glaſs, and _ 
contrary. / | 
. 5 eee are | mathe leb "Xe Fel 
that there are two oppoſite kinds of elec- 


1. 4 


* 


* 
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tricity, which W — hol attract each other. 
Tbeſe we may call the vitreous electricity, 
and the refrous ; or, as they appear to 
have oppoſite powers, poſitive and negative. f 
The little experiments abovementioned diſ- 
cloſe-to us the following grand law, which is 
confirmed by all that have hitherto been 
* Similar electricities | repel each other ; 
. oppoſite electricities attract. 695 
Thus when the two inſulated cork balls 
were both electrified by glaſs, or by ſealing» 
wax, they repelled each other. When one 
vas electrified by glaſs, the other by — 
wax, they attracted each other. 2 

« It is in conſequence of the ſame _ 
that light bodies are firſt attracted by the 
rubbed ſealing-wax, and then MIS by 
it. 

Burn this little bit of peer to aſhes; 
ad the ſtick of ſealing · wax, and hold it over 
them. See how the little light aſhes are firſt 
attrafted by the ſealing-wax, and then re- 
pelled by it. As ſoon as they have received 

eleAricity from the ſealing-wax, the fimilar 
electricities of the ſealing-wax and aſhes 


5 
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repel each-other, ſo that the aſhes are driven 
off from the ſealing- wax. mr 54. 
No cut out a couple of little abe 8. 
of thin paper, Caroline: you ſhall ſee how. 
prettily they will dance about... 
Caroline cut out the puppets, laid theme 
upon the table, and held over” them the. 
ſtick of ſealing-wax previouſly rubbed. . Im. 
|  mediately they roſe up, and danced. about, 
or-ſtood upon their feet, and bent toward 
this fide or that, e as the ne, 


wax was moved. 
F. & Now can you SBCA theſe hn 


mena from the law I mentioned above? f 
IW. In ſome meaſure; yet I do not: 5 
clearly comprehend-. the. reaſon of theefirſt * 
at traction. The law ſays, oppolite electri· 
cities attract each other; but the cork balls, 
or paper aſhes, before the ſealing- wax bas 
touched them, have no electricity, ſo that 
here the law ſeems to me not to apply“ 
F. Lou are very right; yet we may | 
| ſuppoſe the caſe to be thus. Both kinds of. 
electricity are preſent in all bodies; but as 
they hape a ſtrong, attraction, or, as che, 
miſts ſay, a ſtrong affinity to each other in 
their natural ſtate, they are intimately 4 
15 . 
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united, and /aturate each other; that is, 
they are united in ſuch proportions, that-the 
powers of the, one balance the powers of the 
other. Thus neither of the electricities is 
at liberty to exert it's powers; fo that a 
body, in which. the two electricities are 
united, or in equilibrium, will exhibit no 
appearance of electricity; and in this ſtate 
are the cork balls at firſt. 

gut when this equilibrium: Is deſtroyed 
in the ſealing-wax by rubbing it, and one of 
the kinds of electricity, the negative, is thus 
ſet free; this is capable of exerting it's ef- 
_Ae&s on thoſe wage . that are within it's 
I Arbus, when the cork ball is within this 
"ſphere of action, the negative electricity of 
-the-fedling-wax repels the negative electri- 
city, that was before in the cork ball in a 
Mate of equilibrium, and attracts the poſi- 
tive, by means of which the ball itfelf, 
which is very bn. an and er is at- 
tracted. + wh . 

"FF gut then the i of the * 
tive electricity ſhould repel the ball at the 


ſame time, and thus one _— Tm 
lance the other. . < 


w | 
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F. « Your odjection is very proper. Yet, - 
if all bodies 'inftheir natural ſtate contain a 
portion of both kinds of electricity, the dif- 

ference between conductors and non- condue- 
tors muſt confiſt rather in the degree of their . 
capacity for conduct ing electricity, than in 
perfectly oppoſite ſtates. Hence the cork 
ball, we may preſume, is not fo perſectiy in- 
fulated by the ſilk, but that it's negative 
electricity may paſs more eaſily along it, than 
the poſitive can through the air, which is a 
very bad conductor, particularly when dry, 
for it differs much nnn umn 
as it is dry or moiſt. - 
Thus when the cork ball is not inks 
lated, the attraction is more powerful, as 
you obſerved in the ball ſuſpended to the 
flaxen thread; as in this caſe the negative 
electricity finds à freer paſſage out of the 
ball, and leaves the poſitive more at liberty, 
to be attracted by the 1 of the ſealing 


Wax. 


There is another ode accounting 
for it, by ſuppoſing the attractive power of 
the oppoſite cle&ticities to act with more 
force, than the repulſive power of ſimilat 
1 2 Both n howe - 

1 6 ; 


- 
% 
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as what they 


_ ou will Ur POOR mere 
* them is per- 


hypotheſes; for neither 


Ed. ſatis factory. At preſent, indeed, though 
we are acquainted with many effects of elec- 


tricity, we have but a very ſuperficial know- 
ledge of the nature of this truly wonderful 
Power, the action of which is unqueſtionably 
of very great extent and importance in na- 
tural phenomena: by purſuing our inveſtiga · 
tion of theſe, we may hereafter attain more 
clear and ſolid ideas of it. 
For to-day this may ſuffice ; ſome other 
time I will ſhow you many more pleaſing ex- 
- periments in this beautiful and amuſing 


ck of _— 2 2 2 * „ 
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' FILIAL AFFECTION: 'or TWO vo 6 
X552þe RATS. - 


1 nan already related an anecdote of the 


Friendſhip ſhown by a gooſe toward a dog; 
but tbe following tory exhibits a ſtill nobler 


-ſentiment- in animals, which are . commonly | 


—_— That in the brute creation 


9 4 


b 
: 
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mothers have great love for their young, and 
will even facrifice themſelves in their defence, 
is well known, and deſerves our admiration; 
but the following inſtance of filial affection, 
and the gratitude of young animals toward a 
* is much more to be admired. 

Mr. Joſeph Purdew, lying abed one morn- 
ing reading, had his attention called off from 
his book by a noiſe; reſembling that of rats 
climbing up a wainſcot. The noiſe ceaſed 
for a moment, and was renewed again. His 
bed was but at a little diſtance from the fide of 
the room, and he narrowly obſerved the place, 
from which the noiſe ſeemed to come... It 
was not long before he ſaw a rat make his 
appearance at a hole, without any noiſe, look 
cautiouſly all around him, and after a little 
while withdraw. Preſently the rat came again, 
with a large old rat, which he led by holding 
it's car in his mouth. With them came a 
ſecond young rat. The two young rats left 
the old one at the mouth of the hole, ran 
about the room picking up the crumbs, which 
had fallen from the table the preceding even- 
ing at ſupper, and carried them to the old 
one. Mr. Purdew, aſtoniſhed at this atten» 
tion in ſuch animals, perceived, that the old 


192 THE PLEASING PRECEPTOR. 


rat was blind, and could only find the crumbs 
the young ones brought by feeling about for 
them. When this affecting ſcene had conti - 
nued a little while, ſome perſon came into 
the room. As ſoon as the young rats heard 
the noiſe, they gave the old one int imation 

of it by a cry, and did not endeavour to 
eſcape themſelves, till the old one had re- 
entered the _ into which they followed 
him. 

What think you of this fact, my young 
readers? Did not theſe animals exhibit a-pat- 
tern of filial affection, ſufficient to put many, 
ho pride themſelves in the poſſeſſion of 
- reaſon, to the bluſh? How often do we find, 
that parents, who have done every thing in 
their power for their children and denied 
themfelves / not only pleaſures, but even the 
neceſſaries of life, the better to educate them, 
are deemed a burden by thoſe very children, 
wen they are grown old and infirm, and 
either totally negle&ed by them, or poorly 
and grudgingly maintained! May none of 
you ever be hable to this ſhameful reproach 3 


t think of the good young 5 
the vid vad pant, ald 20 
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CHAP. XXXVII. 


HISTORY OF A WILD GIRL, 


How much reaſon have you, my young 
readers, to thank Providence, for ' having 
caufed you to be born and brought up among 
civilized men; for what would you have 
been, had you, bereft of parental care, and 
left to yourſelves, grown up remote from. 
human fociety! It is through the means of 
ſociety alone, that we become human crea- | 
tures. Even the ſavages, as they are called, 

of America and the South Sea lands, hve 
together in fociety ; and in conſequence are 
not wild, they are only leſs poliſned than 
' europeans. Do you wiſh to know what man 
would become, if deprived of human ſoctety, 
and uneducated by his fellow men, you may 
learn it from the following account of a wilt 
girl, which is well worth your reading. 
In the year 1731, as a nobleman was 
ſhooting, at Songi, near Chalons, in Cham< 
pagne, he faw ſomething” at a diftance in the 
water, which he took for a couple of birds, 
and at l he fired: *The — birds 
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avoided the ſhot by diving inſtantly under 
the water, and, riſing at another place, made 

to the ſhore, when it appeared,. that they 
were two children, about nine or ten years of 
age. They carried aſhore with them ſeveral 

| fiſhes, which, they tore in pieces with their 
ſore· teeth, and ſwallowed without chewing. 

As they were going from the ſhore, one of 
3 them found ia roſary, probably dropped by 
4 ſome trayeller, at which ſhe teſtified great 
joy, by, ſcreaming and jumping about. In: 
order to keep it to herſelf, ſhe covered it with, 
her hand; but her companion, who per- 
ceived this, gave her ſuch a blow upon the 
hand with a ſort of club, that ſhe could not 
move it. With her other hand, however, 
the ſtruck her companion in return ſuch a 
blow upon the head, with a ſimilar club, as 
brought her to the ground, with a loud. 

| ſhriek. The victor made herſelf a bracelet: 
with the roſary.;. but ſhe had ſtill fo much 
pity on her. companion, that ſhe covered her 
wound with the ſkin of a fiſh, which ſhe ſtrip- 
ped off, and bound it up with a ſlip of the bark 

of a tree. They then parted. The girl that 
had been wounded returned to the river, and 
was never after ſeen; the other went to the 


* 
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village of Songi. The ignorant inhabitants 
were frightened at her ſingular appearance, 
for her colour was black, and ſhe had on a 
ſcanty covering of rags, and ſkins of animals, 
They ſet a great dog at her: but ſhe waited 
his attack, without ſtirring from her place, 
and, as ſoon as he was within reach, gave 
him ſuch a blow on the head with her club, 
as laid him dead on the ſpot. Unable to 
gain admiſſion into any houſe, for every door 
was ſhut againſt her, ſhe returned into the 
1 climbed up a tree, and there took 208 
The N &'Epinoy, 1 Wag was then at 
* ſeat at Songi, offered a reward to any 
one, who could catch this wild girl. As it 
was ſuppoſed ſhe would be thirſty, a bucket 
of water was placed under the tree, to entice 
her down. On awaking, ſhe. looked cau- 
tiouſly around, came down, and drank ; but 
immediately aſcended to the ſummit of the 
tree, as if ſhe thought herſelf not otherwiſe 
ſecure. At length ſhe was allured to come 
down by a woman, who walked under the 
tree with a child in her arms, and offered her 
fiſh and: roots. When ſhe+had deſcended, 


| 
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rat was blind, and could only find the crumbs 
the young ones brought by feeling about for 
them. When this affecting ſcene had conti - 
nued a little while, ſome perſon came into 
the room. As ſoon as the young rats heard 
the noiſe, they gave the old one int imation 
of it by a cry, and did not endeavour to 
eſcape themſelves, till the old one had re- 
entered the hole, into which they followed 

What think you of this fact, my young 
readers? Did not theſe animals exhibit a pat - 
tern of filial affection, ſufficient to put many, 
ho pride themſelves in the poſſeſſion of 
reaſon, to the bluſh? How often do we find, 
that parents, who have done every thing in 
their power for their children and denied 
themfelves not only pleaſures, but even the 
neceſſaries of life, the better to educate thom, 
tte deemed a burden by thoſe very children, 
weben they are grown old and infirm, and 
either totally neglected by them, or poorly 
ard grudgingly maintained! May none of 
you ever be hable to this ſhameful reproach; 
but think of the good young ruta, that fed 
wer ind and ned parent, at hd e 
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CHAP. XXXVII. 


* | 
HISTORY OF A WILD GIRL, 


How much reaſon have you, my young 
readers, to thank Providence, for ' having 
caufed you to be born and brought up among 
civilized men; for what would you have 
been, had you, bereft of parental care, and 
left to yourſelves, grown up remote from. 
human fociety ! It is through the means of 
ſociety alone, that we become human crea- 

tures. Even the ſavages, as they are called, 
of America and the South Sea iſlands, hve 
together in fociety ; and in conſequence are 
not wild, they are only lefs pohſhed than 
europeans. Do yon wiſh to know what man 
would become, if deprived of human ſociety, 
and unedugated by his fellow men, you may 
learn it from the following account of a wilt 
girl, which is well worth your reading. 
In the year 1741, as a nobleman was 
ſhooting, at Songi, near Chalons, in Cham« 
pagne, he faw ſomething at a diftance in the 
water, which he took for a couple of birds; 
and at which he fired: The fuppoſed birds 
| 3 * Ba 
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avoided the ſhot by diving inſtantly under 
the water, and, riſing at another place, made 
to the ſhore, when it appeared, that they 
were two children, about nine or ten years of 
age. They carried aſhore with them ſeveral 
_ fiſhes, which they tore in pieces with their 
fore · teeth, 1d ſwallowed without chewing. 
As they were going from the ſhore, one of 
them found ia roſary, probably dropped by 


: ſome trayeller, at which ſhe teſtified great 


3 joy, by,: {creaming and jumping about. In: 

onder to keep it to herſelf, ſhe covered it with, 
her hand; but her companion, who per- 
ceived this, gave her ſuch a blow upon the 
hand with a ſort of club, that ſhe could not 
move it. With her other hand, however, 
ſhe ſtruck her companion in return ſuch a 


. blow upon the head, with a ſimilar club, as 


brought her to the ground, with a loud 
ſhriek. The victor made herſelf a bracelet 


with the roſary ;. but ſhe. had ſtill fo much 
pity on her companion, that ſhe covered her 
wound with the {kin of a fiſh, which he ſtrip- 
ped off, and bound it up with a flip. of the bark 
of a tree. They then parted. The girl that 
bad been wounded returned to the river, and 
was never after ſeen; the other went to the 
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village of Songi. The ignorant inhabitants 
were frightened at her fingular appearance, 
for her colour was black, and ſhe had on a 
ſcanty covering of rags, and ſkins of animals. 
They ſet a great dog at her: but ſhe waited 
his attack, without ſtirring from her place, 
and, as ſoon as he was within reach, gave 
him ſuch a blow on the head with her club, 
as laid him dead on the ſpot. Unable to 
gain admiſſion into any houſe, for every door 
was ſhut againſt her, ſhe returned into the 
fields, climbed up a tree, and there EO 
ns 2qg Wie 

The viſcount G Epinoy, wh was then at 
vis ſeat at Songi, offered a reward to any 
one, who could catch this wild girl. As it 
was ſuppoſed ſhe would be thirſty, a bucket _ 
of water was placed under the tree, to entice 
her down. On awaking, ſhe looked cau- 
tiouſly around, came down, and drank; but 
immediately aſcended to the ſummit of the 
tree, as if ſhe thought herſelf not otherwiſe 
ſecure. At length ſhe was allured to come 
down by a woman, who walked under the 
tree with a child in her arms, and offered her 
fiſh and roots. When ſhe had deſcended, 
ſome perſons; lying in wait ſeized her, and 
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conveyed her to the viſcount's ſeat. At firſt 
ſhe was taken into the kitchen, where ſhe 
fell upon ſome wild fowl, and ate them up, 
before the cook miſled them. A rabbit being 
offered her, ſhe immediately ſtripped off the 
ſkin, and devoured the fleſh. 

An opportunity of obſerving her with 
more eaſe was now obtained, and it was 
found, that the black colour of her ſkin was 
accidental; for after ſhe had been repeatedly 
waſhed, her naturally fair complexion ap- 
peared. - Her hands were upon the whole 
well-formed, only the fingers, and the thumb 
in particular, were uncommonly ſtrong, which 
no doubt was aſcribable to her frequently 
climbing trees, as ſhe would ſwing herſelf 
from one to another like a ſquirrel. 

The viſcount d' Epinoy delivered N 
the care of a ſhepherd, recommending to 
bim to be extremely attentive to ber, under 
a a promiſe of paying him well for his trouble. 
On account of her wildneſs the was com- 
monly known by the name of the ſhepherd's 
beaſt. It coſt a great deal of trouble, to 
render her a little tame. She was very dex - 
terous at making holes in the walls or roof, 
and would creep through an aperture ſo {mal}, 
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that an eye-witneſs could not conceive how it 
was poſſible. Once ſhe eloped in a ſevere 
froſt, during a heavy fall of ſnow, and after 
a long ſearch was found ſitting on a tree in 
the open fields. 4 

Nothing was more aſtqniſhing than the 
ſwiftneſs and agility, with which ſhe ran. 
Though latterly long illneſs and want of ex- 
erciſe diminiſhed her ſpeed, it was always 
furprifing. She did not take long ſteps like 
other people, but her run was rather a flying 
trip. which was more like gliding than walk 
ing. Her feet moved with fuch quickneſs; 
that their motion was fcarcely diſcernible. 


-» 


Several years after ſhe had been caught, ſne 
was capable of outſtripping wild animals, 
as ſhe proved to the queen of Poland in 
1737: for, being taken out on a hunting 
party, ſhe ran after rabbits and hares that 
were ſtarted, caught” them preſently, * 
brought them to the queen. £199 

The quicknefs of her eye was equally aſtos 


niſhing. In a moment ſhe could look every 
way round her, with ſcarcely turning her 
bead, which was very neceſfary for her le- 
curity, and procuring her food, in her wid e 
ſtate. ö 
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Both the girls uſed to ſpend their RIFT 
on trees. They laid down on a bough, held 
themſelves faſt with one hand, and reſted 
their heads on the other. In this fituation, 
according to our maiden's account, they 
ſlept very ſoundly. 

In her ſavage ſtate ſhe had no language, 
but a ſort of wild ſcream, which ſounded 
frightfully when ſhe was in anger, and parti- 
cularly when a ſtranger attempted to take 
hold of her. Long afterwards her ſpeech 
had ſomething wild, abrupt, and childiſh; 
but when ſhe was a little civilized, ſhe ap- 

_ Peared to be a quick lively girl. 

There was nothing, from which ſhe was 
more difficult to be weaned, than eating fleſh 
and vegetables raw, Her ſtomach could not 
bear dreſſed victuals, fo that ſhe fell into one 
diſeaſe after another, though raw- food. was 
allowed her occaſionally. Perhaps the change 
was attempted with too little caution, At 
firſt ſhe was led by this propenſity to play 
ſome laughable tricks. Once the viſcount 
had a great deal of company, and ſhe fat at 
table with them. None of the thoroughly 
dreſſed and high-ſeaſoned diſhes being to her 


taſte, ſhe ſtarted up, vaniſhed like lightning, 
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filled her apron with live frogs from the 
neareſt pool, haſtened back, and beſtowed 
them among the gueſts with a liberal hand, 
joyfully exclaiming, as ſhe diſtributed her 
agreeable preſent, © here, here, take ſome !” 
It is eaſy to imagine how the company were 
delighted with the frogs hopping all over the 
plates and diſhes, while the little wild girl, 
aſtoniſhed at the flight eſtimation in which 
they ſeemed to hold her delicious morſels, 
buſied herſelf in catching the frogs that 
leaped about the floor, and replacing them 
on the table. 

In the year 1732, this remarkable maiden 
was baptized by the name of Maria le Blane, 
On account of the change in her mode of 
life ſhe was often ill, and, after the death of 
her patron, ſpent the remainder of her — 
in a convent. * 

How this child came into that wild boil 
and in what country ſhe was born, were cir- 
cumſtances, that could never be known with 
certainty. It was conjectured, however, that 
ſhe was by birth an eſquimaux, and brought 
to Europe in ſome ſhip: for, when ſhe had 
learned to talk, ſhe ſaid, that ſhe had twice 
croſſed the ſea; gave a deſcription of boats, 
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reſembling thoſe of the eſquimaux; and 


tions of people of different countries, ſhe 
ſeemed agreeably ſurpriſed on coming to that, 
in which the eſquimaux were repreſented. 


— 
c | | 
CHAP. XXXVIII. 
"OTHER INSTANCES OF WILD BOYS AND 
GIRLS. 


-AMoxG- all the inſtances we have of wild 
perſons, the preceding is one of the moſt re- 
markable: it may not be amiſs, however, 
to give a conciſe account of a few more. 

In the year 1661, a boy apparently about 
nine years old was found in a foreſt in Li- 
thuania, among the bears. He was well- 
made, and his countenance was pleaſing, but 
he was extremely wild. It proved impoſſible 
to tame him, and accuſtom him to the cloth- 
ing or food of civilized men. 


In 1694, a young man of "Il was 


found among à herd of bears, in Lithuania 
likewiſe, on the frontiers of Ruſſia, He is 


once, when ſhe was ſhown a ſeries of delinea- 
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faid to have been all over hairy, and to have 
walked on both hands and feet. He diſplayed 
very few marks of reafon, had not a human 
voice, and was difficult to tame: by degrees, 
however, he learned to ſtand: upright againſt 
a wall, eat common food, and to ſpeak a 
little, though in a hoarſe and ſcarcely intelli- 
gible manner. He could not recolle& any 
thing, that bad befallen him in his wild ſtate. 

In 1717, a wild girl of nineteen was caught 
near Zwoll, in Oberyſſel. She had been loft. 
by her parents, when only fixteen months old. 
Her ſkin was brown, hard, and hairy: the 
hair of her head, long and thick: her ſpeech, 
an uncommon ſtuttering: her food, in her 
wild ſtate, green herbs, and leaves of trees. 
She walked” erect: wore an apron of ftraw, 
which ſhe had made herfelf : was very ſhy, 
and difficult to be taken: but ſoon became 
familiariged to ſociety, and learned to talk 
and to (pm. FH + aten 1A 
In the year 1719, tuo wid bey were 
l on the Pyrenecs, where they ſkipped 
about from rock to rock like the chamois. | 
{White we are on this ſubje& we muſt by . 
no mean omit to mention Peter the wild 
boy, as he*was commonly called. This boy 
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was found in the woods near Hamelen, in 
Hanover. when his majeſty George I was 
hunting, in the year 1725. He was ſuppoſed 
to be then about twelve years of age, and 
had ſubſiſted in thoſe woods upon the bark 
of trees, leaves, berries, &c. for ſome con- 
ſiderable length of time. How long he had 
continued in this ſtate, indeed, is uncertain: 
but that he bad formerly been under the care 

of ſome perſon, was evident from the remains 
of a ſhirt · collar about his neck, when he was 
found. In the following year he was brought 
to England; and great pains were taken, to 
inſtruct him: but he could never be taught 
to articulate any words, except his own name, 
Peter, and that of king George. He learned 
to hum a few fimple tunes, however; and 
was ſo delighted with muſic, that, if he heard 
any one play on an inſtrument, be would 
dance and caper about, till he was nearly 
exhauſted with fatigue. He was likewiſe 
made to underſtand every thing that was ſaid 
to him, reſpecting the common affairs of liſe 
In his nature be was gentle and timid, "fo that 
he would ſuffer himſelf to be governed by a 


child yet he was ſubje& to the paſſions of 
anger, joy, &c. Upon the approach of bad 
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weather he always appeared ſullen and un- 
caſy ; and at particular ſeaſons of the year he 
had a ſtrong propenſity for ſtealing into the 
woods, where he would feed eagerly upon 
leaves, beech-maſt, acorns, and the green 
bark of trees; but if he rambled far from 
home, he could not find his way back again. 
Peter was about five feet three inches high, 
in his countenance there was nothing ugly or 
diſagreeable, and he retained a freſh healthy 
look in his old age. He died in february, 
1785, when he was ſuppoſed to be about 
ſeventy-two years old. 6 | 


— 


5 CHAP." XXXIX. ©. |, 


SOME OBSERVATIONS ON CHYMICAL ar- 
FINITY, sor orion, AND CRYSTALLI- 
ZATION, | 


-6 You are going to ſhow us W 
curious again to-day, father!“ faid Caroline, 
as ſhe perceived upon her father's table the 
microſcope, through which ſhe had ſeen with 
ſo much aſtoniſhment the aniqaleaes of in- 
fuſion. & > 6# | bs 4KR 35 


\ 4 AL 
VOL. 1. K | 


ing. He was perfuaded, likewiſe, and had 
 Yound by: experience; that technical terms, 

though generally conſidered as puzzling, are 
in fact more eaſy to be underſtood : and the 


| 
| 
9 
| 
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R ©:J am: and I ſhall do it with a great 
deal of pleaſure, as there is no amuſement 
more innocent, than what we derive from 
the. contemplation of nature. It gives me 
much ſatisfaction, therefore, to find you 
have a taſte for ſuch amuſements. A few 


days ago, the microſcope exhibited. to you 
ſwarms of living creatures: by way of change 


you ſhall now ſee inanimate objects, yet not 
leſs wonderful.” 
What are ey!“ exclaimed William 
and Caroline, with eager expectation. 
F. You ſhall obſerve the proceſs of 

cryſtallization in ſolutions of ſalts.“ 

William and Caroline had never before 
heard theſe technical terms,' or, if. they had 
heard them, had no clear ideas of their fig- + 
nification, - Mr. Goodwyn had often told 
them, that, on all occaſions, they ſhouſd en- 


deavour to obtain as clear ideas as poſlible of 
the things fignified by words; and whenever 


they heard any, which they did not under- 
Rand; ſhould aſk:him to explain their mean- 
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reaſon is obvious: common words are gene- 
rally uſed in a looſer ſenſe, and frequently 
with ſeveral different meanings, while tech- 
nical terms have uſually one preciſe ſignifica- 
tion only. Accordingly, William requeſted 
an explanation of the terms e and 5 
tallization. | 
F. I will endeavour to ſatisfy you in this 
reſpect, if you will be attentive. Obſerve, 
I throw ſome of this ſalt into this glaſs of 
water. At firſt you ſee the particles of ſalt, 
as they were when dry: but they do not con- 
tinue ſo long, they gradually diminiſh : I ſtir 
it; you ſee no more ſalt in a ſolid form, the 
water only looks a little turbid: when it has 
ſtood a minute or two, it will be quite dear. 
— See, there is now nothing in the glaſs ap- 
parently but clear water: yet the taſte will 
convince you, that there muſt be a great deal 
of ſalt in it. Taſte it, William.“ | 
V. < It taſtes falt, indeed. 
F. „Here then we have a fluid, that con TR 
tains another ſubſtance, the component parts 
of which are equally invifible to the naked 
eye and the beſt magnifying glaſs. The con- 
nexion between the minuteſt particles of the 
dabſtance, that was at firſt viſibly mixed with 
| * 2 
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it, is looſed; theſe particles are intimately 
united with the particles of the water, and 
they are no longer diſtinguiſhable from each 
other. The whole is become an uniform 
ſubſtance, different from what either was 
before. Such a ſubſtance formed by the in- 
timate union of two or more ſubſtances, is 

called a /olution. The proceſs by which they 
are united is called difolution ; and the ſolid 
ſubſtance is ſaid to be diyulved* in the fluid, 
which is called the /olvent, or menſtruum. 
As the change is moſt apparent in the ſolid, 
the fluid is commonly conſidered as the active 
ſubſtance; and this idea is confirmed by our 
applying an active expreſſion to the fluid, 
and a paſſive to the ſolid. But there is little 
room to doubt, that a mutual action takes 
place between them; for in ſome caſes the 
ſolid ſeems to exert the active power.“ 
V. Zut what is the reaſon, that the 
particles of the ſalt unite ſo intimately with 
the enn of the water?“ 

F. That is a queſtion, to which it is 
not in my power to give you a ſatisfactory 
anſwer. Here, as in many other natural 
phenomena, I muſt remind you of the ex- 
preſſion of the great Haller, who zealouſly | 
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purſued the ſtudy of nature, and, feeling | 
the narrow limits of the human underfland- 
ing, exclaimed : | 

« 'Tis not for mortal mind to . 
into the ſecret receſſes of nature.” 

All that we can ſay, which in fact is no 
more than expreſſing the phenomena in 
words, is, the particles of the water, and the 
particles of the ſalt, in a certain ſemperature, 
that is, in a certain degree of warmth, have a 
ſtronger attraction for each other, than that 
by which the particles of the ſalt are held to- 
gether. Thus the coheſion between the par- 
ticles of the ſalt, which rendered it a ſolid 
ſubſtance, is deſtroyed by a ſtronger power. 
Subſtances that have this attraction for each 
other are ſaid to have an affinity, or chymicat 
affinity. The degree of this affinity varies,. 
it being ſtronger between ſome ſubſtances. 
than others. Hence, if we add to a ſolution 
a third ſubſtance, which has a ſtronger affinity 
for either of the two that compoſe the ſolu- 
tion, than theſe two have for each other, 

theſe will ſeparate, and that which has the 
ſtrongeſt affinity for: the ſubſtance added will 
uzite with-it, leaving the other in it's former 
ſtate. This is called elective attraction. If 
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this elective attraction take place between the 
ſubſtance added and the fluid of the ſolution, 
the ſolid before diſſolved in it ſubſides to the 
bottom. This proceſs is named precipitation; 
the matter at the bottom of the veſſel is 
called a precipitate, and is ſaid to be preci- 
pitated from the fluid, in which it was diſ- 
ſolved, by the ſubſtance added,” 

C.“ Will you let us ſee an example of it, 

father?“ 

F. Willingly. Fetch me a bit of chalk, 
a little vinegar, and ſome pearl-aſhes, and we 
will make the experiment,” 


— 


8 CHAP. XL. 
 $0LUTION AND PRECIPITATION, - 
CAROLINE having fetched the things ſhe 
was defired from the kitchen, the chalk was 
Put into the vinegar, in which it diffolved,- 
fo that nothing more of it was to be ſeen. 


- | Some pearl-aſhes were then added to the fo- 


. lution, which became turbid, and the chalk 
gradually ſubſided to the bottom in the form 
of a white powder. 
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F. © This experiment, I preſume, ”u© 
can explain without difficulty.” | 


V. The vinegar, in which the chalk 
was firſt diſſolved, has a ſtronger affinity for 
the pearl-aſhes, than for the chalk, and in 
conſequence your the chalk, to unite os 
the pearl-aſhes.”” | 
F. „ Right. But nom tell me, a you 
ſuppoſe, t hat ſolid or dry n ea dif- 
ſolve one another?“ 2. 
V. © I ſhould think not.“ 
F. In this you think juſtly ; for in evety - 
ſobut ion it is requiſite, that one of the ſub- 
ſtances be in a fluid ſtate. It is not feceſ- 
fary, however, that either ſhould be fluid by 
nature: you may reduce one or both of them 
to a ſtate of fluidity by means of heat, in 
other words, you may melt them, and then 
they would be capable of forming a ſolution. 
This is called a ſolution in the dry way, to 
diſtinguiſh it from the caſe where one or 
both of the ſubſtances are naturally fluid, 
which is called a ſolution in the moi way: 
Thus, for example, ſolutions of ſalt, 
ſugar, or gum in water, of chalk in vinegar, 
of reſins in ſpirit of wine, and of filver in 
. fortis, are called ſolutions in the moiſt 
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way. So alſo is that ſolution which takes 
place between two fluids, as water and vinous 
ſpirit; though this is commonly called a mix- 
ture, but improperly, for here an intimate 
union, or proper chymical combination takes 

Place, wherefore it ſhould be expreſſed by 
the term ſolution. 

Solutions in the dry way are ſuch as of 
wax in melted lard, tin and lead melted to- 
gether, &c. 

Precipitation likewiſe is diſtinguiſhed ; in 
the ſame manner. Thus it is called a preci- 
pitation in the moiſt way, when the ſolution 

is naturally fluid, as in the experiment we 
juſt now made with the chalk and vinegar; 
and a precipitation in the dry way, when the 
 Jolution muſt be rendered fluid by fire, as of 
lead in ſulphur, called galena, which being 
melted, the addition of an alkali, for which 

the ſulphur has a ſtrenger affinity, will m_ 

pitate the lead.“ 

. If I remember right, you faid, at 
firſt, there were ſolutions conſiſting of more 
than two ſubſtances: but in the inſtances you 
have given, the ſolutions have contained 

only two, and when a third was added, one 
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of them was precipitated, and only twe re- 
mained diſſolved.“ N 

F. Examples of more compound ſolu- 
tions are not difficult to find: ſach as ſugar, 
water, and vinous ſpirit, which form a ſolu- 
tion of three ingredients; or common ſalt, 
ſalt- petre, and water; and in the dry way, 
lead, tin, and biſmuth, or gold, ſilver, and 
copper; with many others.“ 

C. © There is one thing J would aſk ; can 
we diffolve as much of one of the ſub- 
ſtances in the other of ſalt. in water for in- 
ſtance, as we pleaſe ?? 

F. „ In ſome caſes in the dry way we 
can; but not in the moiſt. A. certain quan- 
tity of a fluid, as you ſeem to imagine, cans 
diſſolve only a certain quantity of a: ſolids 
When the fluid has diſſolved as much of the 
ſolid as it can, it is ſaid to be /aturated with 

it; and if more of the ſolid be added, this 
will remain at the bottom of the veſſel un 
diſſolved. 

The proportions, in which different ſub. 
ſtances are ſoluble in others, vary, and de- 
pend in ſome meaſure on the temperature of 
the ſolvent. Thus a given quantity of was 
ter will diflolve more of ſugar than of alum, 

4, K 5 | 
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and boiling water will diſſolve more of either 
than cold; though, on the contrary, cold 
water will diſſolve more magneſia than hot. 
It is allo to be remarked, that water, after 
jt is ſaturated with one ſalt, is ſtill capable 
of diſſolving a certain quantity of another. 
< It is a ſingular circumſtance too, that a 
conſiderable quantity of ſalt may be diſ- 
ſolved. in water, without the water's riſing 
perceptibly higher in the veſſel, in which it 
ſtands; the ſpace, that the two ſubſtances 
occupy after ſolution, not - being equal to 
that they both occupied when ſeparate,” 


CHa. 2 


"CRYSTALLIZATION. 


- Father. * As I have. now given yow ſine 
inſight into what is moſt important concern- 
ing ſolution, I may proceed to explain to 
you briefly what is meant by cryſtallization. 

The particles of many ſubſtances have 
a difpoſition, in paſſing from a fluid to a 
_Johid ſtate, to arrange themſelves in regular 
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the freezing of water is a true cryſtalliza- 
tion, of which we frequently fee beautiful 
ſpecimens on our windows in winter morn- | 
ings 80; likewiſe, if part of the water of 
2 ſaturatetd ſolution of any ſalt be evaporated, 
fo much of the ſalt, as the remaining water 
cannot keep diſſolved, will return to a ſolid 
ſtate, and in doing this, cryſtalliae. You 
ſhall ſee an inſtance of it in the ee 
folved juſt now.. © 
- The microſcope was you adjuſted, . hat 
the light fell properly on the flide, on which 
a tolerably large drop of the ſolution of ſalt 
was put. William and Caroline looked in 
by turns. At firſt nothing but a clear fluid 
was viſible. 'Prefently Caroline perceived a 
ſmall tranſparent ſolid point in it, which ap- 
peared no larger than a | ſmall grain of ſand, 
though the microſcope *magnified the dia- 
meter of an object two hundred times. More 
ſuch points ſoon formed in different parts of 
1 er. but firſt round the edge. 
„ -Obſerve: theſe points attentively,” faid 
Mr. Goodwyn z: © they are the commence- 
ment of cryſtallization, the fiſt combination” 
of the component particles of inn. ialty: at 
K 6 


figures. This is called cryſtallizing. Thus 
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leaſt as far as we can diſcern, that were dif. 
ſolved in the water, and are now. ſet free 
from it. You will ſoon perceive a _—_ in 
them.” 
1 fat, it was not long before our young 
obſervers ſaw ſquares of different ſizes, as 
regular as a. geometrician could have drawn, 
form around theſe points. From the point, 
as'a centre, proceeded ſtraight ſlender lines 
to the corners of the. ſquare, crofling each 
- other at right angles, and other ſlender lines, 
Parallel to theſe, filled up the intervals. It 
was a pleafing fight. Now here, now there, 
-a new ſquare aroſe ; the largeſt in the middle 
of the drop. Here and there other figures 
leſs regular appeared; probably becauſe the 
; particles of ſalt were prevented from afſum- 
ing their proper form by ſome obſtacle. At 
length the field of the microſcope was com- 
Plletely beſtrewed with ſuch figures; no more 
freſh ones appeared; and, when the ſlide 
was withdrawn, n but the dry ſalt was 
ſeen on the glaſs. 
William and Caroline were i mach aa 
that they deſired to examine another drop, 
which exhibited jaft the ſame appearances. 
- As uſual, William was ready with his old 
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queſtion, which is as eaſily put, as it is 
commonly difficult to anſwer: © What is the 
cauſe of this?” 

F. Of the primary caulk we know no 
more in this caſe, than we do in many others. 
The component parts of ſubſtances have a 
diſpoſition to unite firmly together, or an 
attractive power for each other. This power 
is in great meaſure counteracted by a certain 
degree of heat in quickſilver, water, and 
melted metals; and by the attractive power 
of the menſtruum in ſolutions. If the de- 
gree of heat be diminiſhed in the former in- 
ſtances, the component parts of the ſub- 
ſtances will unite into a ſolid. The ſame 
thing will take place in ſolutions, either by 
cooling, or by diminiſhing the quantity of the 
fluid menſtruum, while that of the ſolid diſ- 
ſolved remains the ſame, or by the addition 
of a third ſubſtance. | 

I have faid it may be effected in ſolu- 


tions by cooling, which is the caſe with ſuch 2 


ſubſtances as are ſoluble in greater quantity 
in a hot menſtruum than in a cold. Of 
this we have an inſtance in ſalt petre, which 
diſſolves in much greater quantity in hot 
water than in cold; ſo that if you ſaturate *- 


— 
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boiling water with ſaltpetre, and then let it 
cool, a confiderable portion of it will ſhoot 
into cryſtals, in much the ſame manner as 
ice in a veſſel of water when it freezes. 
The experiment, that we have juſt made 
with the ſalt and water, or brine, is an 
example of the ſecond mode. "The water in 
the drop upon the flide evaporated by de · 
grees, ſo that the remaining water became 
leſs and leſs capable of holding all the ſalt in 
ſolution, and in conſequence; the particles of 
the ſalt gradually united together. What you 
here ſaw in miniature is executed on a larger 
ſcale in ſalterns, or ſalt- works. In theſe the 
brine of a ſalt ſpring, as at Namptwich and 
Northwich in Cheſhire, and Droit wich in Wor- 
ceſterſhire, or ſea- water, as on various parts 
of our coaſts, is conducted into large pans, 
under which a fire is kept, which evaporates 
the water, and the particles of ſalt unite into 
cubic cryſtals. Common ſalt will not cry- 
ſtallize by cooling like ſaltpetre, for hot 
water diſſolves very little, if any, more of it, 
than cold; indeed it cryſtallizes beſt _ 
_ water is kept pretty hot. | 
In the laſt mode the cryſtallization is 


Is effected by the addition of a ſubſtance, which 
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has a ſtronger affinity for the ſolvent. Thus, 
for example, cryſtallization is effected in a ſolu- 
tion of ſalt, by the addition of ſpirit of wine. 
In this caſe, however, the cryſtals are ſmaller, 
and not ſo regular, of which I will give you 

the reaſon. When particles are obliged to 
unite ſuddenly, they cannot unite in ſuch 
regular order, or in ſuch large” bodies, as 
when they are attracted toward each other 
ſlowly and gradually. When ſpirit of wine 
is poured-into a folution of falt, -it combines 
quickly with the water, ſo that the ſalt is as 
quickly ſet free to unite; which does not 
happen when it is left to unit@by gradual eva- 
poration, or cooling; and the more ſlowly 
either of theſe takes place, the larger and 
hand ſomer will be the cryſtals' produced. 
„ Salts, ſuch as faltpetre, common ſalt, 
and the like, ſhow a peculiar diſpoſition to 
cryſtallize : and hence ſome have imagined, 
that every cryſtallization muſt be a ſalt, and 
require a ſolution in the moiſt way. But 
this is an erroneous opinion: for cryſtals 
are formed in the dry way, as in melted 
metals, and glaſs, when very ſlowly cooled, 
and without the preſence of any falt, as in 
pure water that freezes. © Cryſtallization, - 


* 
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however, requires, that the particles be in a 
ſtate to move freely; whence it is moſt per- 
fect in liquid ſolutions, and much leſs fo in 
metals, the fluidity of which, when melted, 
is always inferior, Even the fume, or ſmoke, 
that aſcends from certain bodies, aſſumes 
particular figures, where it attaches itſelf.” 
V. « Laſt night, by candle-light, I ſaw 


ſomething like a little black worm floating 


in the air, which ſettled} on my paper. At 
firſt I thought it was ſomething alive ; but 


when I found it was not, I bruſhed it off, 


and it left a black mark on the paper, and on 


my finger. Was it ſmoke, that had united 


into ſuch a body in the air?“ 
F. „ Certainly ; and it is a very frequent 

appearance, when we burn candles that emit 5 

much ſmoke.— But to return to our cryſtals, 


did you ever obſerve the little grains of ſalt 
with attention?“ 


C. „O yes; I have often obſerved them: 


they commonly look like little ſquare fun- 
nels, cloſe at the point.“ 


„ Very true; and larger in Grin falt, 


ſmaller in other. Theſe little funnels are 
the groundwork of cubical cryſtals, fix of 
them uniting by their points, and the. hol- 


F 
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-lows of the funnels being filled up by addi- 
tional matter. 

The cryſtals of every kind of ſalt have 
their particular figure, ſalts varying greatly 
from each other in this reſpect, as we ſhall 
hereafter have ſome other opportunity of ob- 
ſerving. But to enable them to retain this 
figure, it is always neceſſary, that a certain 
portion of water ſhould be united with tlie 
particles of the ſalt. This is called the 
water of cryſtallization; and if it be ex- 
pelled from the cryſtals by heat, theſe 
loſe their cryſtalline form, aud fall into a dry 
powder, which, however, retains all the pro- 
perties of the ſalt.” 


CHAP. XLII. 
NATURAL SALT-PANS. 


Father. «© I juſt now obſerved to you, 
that what you had obſerved in miniature was 
performed in an extenſive way in the pre- 
Paration of ſalt. This, however, requires 
proper buildings and implements, which can- 
not be erected and provided without conſi- 
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-derable expenſe. You ſee ſalt on the table 
daily ; but you little imagine what buildings 
muſt be erected, veſſels and implements pro- 
cured, fuel expended, and labour employed, 
before we can obtain it in the form in which 
we have it for uſe. 
« Yet there are countries, She: theſe 
are not requiſite, nature performing the 
whole proceſs. Hollow places in the low 
grounds there anſwer the purpoſe of our large 
and expenſive pans; while the air and the 
ſun perform the office of evaporating the 
brine, for which we are obliged to employ 
-much labour and fuel, before we enk 
the ſalt to cryſtallize. 

Caroline. Where are thoſe countries IS 

F. „ At the Cape of Good-Hope. You 
know where that is.“ 

C. Les; it is the ſouthern extremity of 
Africa, where the dutch had a fettlement, 
which we took from them in the beginning 

of the preſent war with them.” 

F. “ At the Cape of Good-Hope, as we 
are informed by Dr. Thunberg, who has 
given a valuable deſcription of that country 

in his travels, there are large places, or na- 
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tural ſalt-pans, in which a great deal of brine 
collects during the rainy ſeaſon.” 

C. © Is there a particular ming ſealo 
there, then?“ 

F. “ Yes; but of that another time. 

The water of this brine gradually eva- 
porates, and leaves behind good ſalt, which 
the people of the country collect for their 
uſe. In this manner they are ſupplied by 


nature with all the ſalt they want, without 


the leaſt aſſiſtance from art. | 

“ When the rainy ſeaſon is over, a very 
briſk -evaporation of the water enſues, occa- 
ſioned partly by the great heat of the ſun, 
partly by the violent winds. The falt then 
cryſtallizes, and falls to the bottom. The 
cryſtallization takes place moſt powerfully in 

november and december, and in the middle 
of the day, from ten o'clock to three. Dur- 
ing this time the ſalt may be ſeen forming a 
kind of pellicle, or thin ſkin, on the ſurface 
of the water, before it becomes fo heavy as 
to fink to the bottom. The falt produced 
in this way is very fine, and the cryſtals are 
driven to the north-weſt fide of the pool by 
the blowing of the ſouth-eaſt wind, where 
they muſt be immediately collected. If this 


* 
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be not done, the falt accumulates, and falls 
to the bottom in layers, or flakes, from which 
à coarſer kind of falt is formed, in larger 
grains, and mixed with impurities, which 
give it a grayiſh colour. This ſalt is uſed 
only to preſerve meat, or fleſh ; the finer or 
whiter ſalt is employed for the table, and for 
ſalting butter. 

« Some of theſe natural ſalt-pans are ſo 
large, that it will take half an hour to walk 
round them; and when they are covered 
with ſalt, they reſemble a lake frozen over, 
which has a ſingular appearance in the fum- 
-mer, and in ſuch a climate. 

 * Theſe pools are often at a diſtance from 
the ſea, and at conſiderable heights. . Their 
water has no connexion” with that of the 
ocean, but is produced entirely by the rain, 
which falls in the ſpring, and evaporates 1n the 
ſummer. The ſoil every where abounds with 
falt : accordingly the rain, which flows down 
from the higher grounds, diſſolves this ſalt, 
and carries it along with it, till it arrives at 
a hollow : there it ſtops, and gradually eva- 
porates, till it is ſo diminiſhed, that EE 
lization follows.” 
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CHAP. XLIII. 


— 


THE SPINNING-WHEEL. 


AMONG other female occupations, Caroline 
had lately learned to uſe a ſpinning-wheel, 
which had been preſented to her by her god- 
mother, and was diligently employed at it, 
when her father came 1n. | 

Do you know,” ſaid Mr. Goodwyn: 
after looking attentively at his daughter's 
induſtry, © how it is, that the thread winds. 
from your hand upon the bobbin ?*? 

Caroline. You are laughing at me now, 
father. Do not I ſee how ſwiftly the flyer 
turns round with the bobbin ?. how then 
can the thread avoid being wound upon 
of ES 

Father. © You think, it cannot. Well, 
take the flyer out with the bobbin, and 
turn them round with your hand ; or, 
which is better, take the ſtring that paſſes 
over the pulley of the bobbin, and place it 
where the other is, that paſſes over the pul- 
ley of the flyer. Now you perceive, when 
you turn the wheel, both the flyer and the.. 


* | 
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bobbin go round as ſwiftly as before; but 
does the thread wind upon the bobbin?“ 
C. © No; it does not!“ 
F. “ Beſides, if the thread wound vp as 


ſwiftly as the bobbin turns round, do you 


think your fingers could draw out the flax, 


and unite it into a thread, ſufficiently faſt ?” 


C. Why, no; I cannot ſpin ſo faſt as 
that; and fo the thread would be for ever 
breaking, particularly when I ſtop a few 
-moments, as I frequently muſt, when there 
are une venneſſes in the flax, to correct the 
thread..“ 

* You ſee, theidfore, if this were the 
caſe, you muſt ſpin much more in an hour 
than you poſſibly can with all your dili- 
gence, and that the bobbin muſt be much 
ſooner full. 

C. © It appears ' ſo, indeed: but how is 
it, then, that the thread . wind round 


tbe bobbin?” 


F. That is the very ide which you 
thought at firſt ſo ſimple. In the firſt place, 
the ring that turns round the bobbin and 

flyer is double; one ſtring paſſing over the 
pulley of the flyer, the other over the pul- 


ley of the bobbin, If you put both on the 


„„ Ry — — —— — 
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_ pulley of the flyer, the thread wilt not be 
wound up. Farther, the bobbin, you know, 
is moveable round the axis of the flyer, and 

can turn independently of it. If both go 
ound equally faſt, the thread will not wind 
round the bobbin.” 

C. © I think now I underſtand ſomething 
of it. The bobbin muſt turn round faſter 
than the flyer, and this muſt be effected by 
means of the ſtring paſſing round it. Am J 
right?“ 
F. „Perfectly: and you will readily con- 

ceive, that, if the bobbin turn round in the 
ſame direction as the flyer, but a little more 
ſwiftly, the thread, which paſſes through 
this ſtaple of the flyer muſt wind round the 
bobbin.” | 

C. That 1 comprehend very well” 

F. „ To underſtand-it the better, we will 


make a mark with chalk on the wheel, the 


bobbin, and the flyer. I will now turn the 


wheel round ſlowly once, and do you obſerve 


how often the ws N in the mean 
while? 4 | i 2 
. Six times.” f f 
F. „Now obſerve how ofien the bodbia 
goes round during one turn of the wheel.“ 
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C. © Seven times.” 
F. Thus, then, as the bobbin makes 
one more turn than the flyer in every turn 


of the wheel, the thread muſt wind once 


round the bobbin every time the wheel 
goes round.” 
C. True: now the whole is lacy 22 

F. The whole! let us ſee. What ne- 
ceſſity is there, to make the flyer turn round 
ſo ſwiftly? The machine might have been 
ſo contrived, that the bobbin and wheel 
ſhould go round together, and the thread 
wind round it in a ſimilar manner; or the 
wheel might be turned round more ſlowly, 


and the thread ſuffered to wind up on the cir-. 


cumſerence of the wheel itſelf.” 

C. But that would not be ſo convenient.” 

F. „Very likely. This, however, is not 
the only reaſon. Beſide the convenience 
to the ſpinner, the, bobbin is neceſſary for 
twiſting the thread properly, and eki 
it's ſurface by friction. 

C. „Still what is the reaſon, thi the 
bobbin goes round oftener than the flyer, 
ſince they are both turned ds the ſame 
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F. «. Your queſtion ſhows, that you re- 
fle& on the ſubject. You will readily un- 
derſtand, that the flyer muſt move round ſix 
times, while the wheel moves round once, 
becauſe the circumference of it's pulley, over 
which the ſtring paſles, 1s equal only to a - 
fixth part of the circumference of the wheel. 
For, as the ſtring is ſtrained tight both upon 
the wheel and the pulley, when the wheel 
turns once round it carries with it as much 
of the ſtring as is equal to the circumference 
of the wheel, or ſix times the circumfe- 
rence of the pulley, ſo that it muſt conſe - 
qently turn the pulley round ſix times. > - 
C. * U underſtand that clearly?! 
F. Now, if you look at the pulley df 
the bobbin; over which the other ſtring 
paſſes, you will perceive it is ſomewhat 
ſmaller: in your's it is equal to -a-ſeyenth 
part of the circumference of the wheel, and 
conſequently the bobbin goes round ſeven 
times while the wheel makes one turn.“ 

C, I did not think, that the turner hal 
| io much to conſider and reflect Io: when 
he: made a ſpinning-wheel* tt. 
Henn, fact he reflects very Lich, 
Turners make theſe uſeful n guſt 
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as Other mechanics make their violins, harp- 
ſichords, and indeed almoſt every thing, ac- 
carding to the rules they learned from their 
maſters in their apprenticeſhip, and the mea - 
"fares they were once taught, without trou- 
bling themſelves about the principles, on 
which they are conſtructed. Hence theſe 
are not always followed as they ought ; and 
in many caſes there is room for improving 
moſt implements, if their makers poſſeſſed 
-more theoretical knowledge. The honour 
ol reflection belongs almoſt exclufively to 
inventors and improvers. Thus we are in- 
debted ſor the invent ion of the common fpin- 


A ning-wheel to a german, of the name of 


Juergens, who lived at Brunſwic near three 
_ hundred-years ago; and this ingenious ma- 
_ -Chinery, that moves the bobbin backward 
"and forward, without which it would be ne- 
___ eafſry to be frequently ſhifring the thread 

em one ſtaple on the flyer to anather, to 
the great interruption of the work, and dan- 
ger off breabing the thread, was lately in- 
vented h Mr. Antis, of Fulneck, near Leeds, 
for which a premium was beftowed on him 
by the Society fas the promotion of arts and 

doc . 94607 noms 
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C. © I ſhall now be {till fonder of my 
ſpinning- wheel, ſince you have taught me 
to underſtand it: but for this inſtruction, I 
might have continued ſpinning all my life, 

perhaps, without once thinking what I wm 
actually about.“ 

F. One more queſtion, WET ax you 
are fo diligent, how much can n you {pin 1 in 
an hour? 

C. * My mother tells me, that I. ſhall 
loa be! able to un about five ſkeins of 
thread. 

F. * That is a We and fifty arti; 
fog the reel is a yard in circumference, and 
each ſkein is thirty rounds of the roll... 

C. * That is a get dealt. ne tn 6) 
F. Let you would ſpin a great deal 
more, if the thread wound once round the 


bobbin every time you turned the wheel 


round. Let us ſuppoſe, that your foot de- 
preſſes the treadle twice in a ſecond, and that 
the circumference of the bobbin is only two 
inches, in this caſe four inches of thread 
would be wound upon it every ſecond, and 
— times four, or 240 inches, in every mi- 
nute. But 240 inches are twenty feet, which 


would be N e, hour.“ 
L 2 
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2 Then I ſhall not ſpin half ſo much 
as 1 ought to I. * to your calcu- 
lation.“ | 
3. very true: and the reaſon is, no 
doubt. that an expert ſpinner- cannot form 
the thread ſo faſt as the bobbin goes round. 
She checks the thread, to alter places where 
it runs uneven, and the like; this does not 
occur at regular periods; and thus the bob- 
bin runs ſometimes flower than it does at 
other times, but always faſter than the 
flyer. Hence you ſee how neceſſary it is, 
for the bobbin to have a Ane motion of 


it's own. 
« You haven now enou be of the theory, 


- 


{o 8⁰ on with your — | 
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| or BEAMS. AND PLANKS. 5 


Wir ria one day ſeeing a large beam 
conveying along the road on a tibet · car· 


riage, was ſurpriſed to obſerve, that it bent. 
« did not think,” ſaid 1 «that of + 


thick beam would bend. 99933) 2051 997 bir 
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« Yet it is very natural, anſwered his 
father : © the thickeſt beam can bend as 
well as the ſlighteſt lath; it depends entirely 
on the proportion of the weight tothe ſtrength 
of the body. If you confider the thickneſs 
of the beam, you. wilt find, that the weight 
of the part which lies behind the axletree 
cannot be ſmall. How much do you ſuppoſe 
the weight may. be, that acts n the rs 
ported end?” ,, 4. Wis ez 

William. © 1 do not 8 n } 

F. Let us endeavour: to eſtimate it: 
It is good to acquire an accuracy of eye in 
our youth, and indeed of touch and ear, 
which may be done by frequent practice. If 
we often compare unknown lengths, breadths, 
thickneſſes,” and heights,. at different diſ- 
tances from the eye, with things of which 
we already know the dimenſions, we ſhall 
ſoon be able to judge with tolerable accuracy 
the length, breadth, or height of 'a room, 4 
building, or the like. So of weights ; if we 
frequently take a known weight of one, two, 
or more ounces, or pounds, and remark the 
degree of exertion it requires to ſupport it, 
which is commonly called poiſing it, we, 
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ſhall ſoon acquire a readineſs at eftirnating 
the weights of things.” = 

. * But:we cant apply this to very 
lurge bodies, ſuch as this beam for inſtance.” 
F. True: yet here we may call in the 
aſſiſtance of the eye. Thus I ſhould ſuppoſe 
te end of the beam to project ten feet be- 
yond the axle tree, and to be a foot broad, 
and a foot ' thick : conſequently to contain 
ten cubic feet. Now oak is nearly of the 
fame ſpecific gravity with water, and I know, 
that a cubic foot of water weighs 62 pounds 
and 4 half. The weight therefore muſt be, 
if -we reckon the cubic foot of oak two 
pun tate af „ene a cubic foot 
of water? © 

. „ Wen kent 68 Poamds or "600 
pounds in the whole. And this weight, from 
what you taught me ſome time ago on the 


fubje& of the lever, muſt be equally divided 
between the two ends, fo that the unſup- 
ported end is depreſſed 5 a weight of 300 

RP Me 
F. Very juſt: and this weight may rea- 
dily be preſumed ſufficient, to overcome the 
coheſion; of the particles of the wood in a 
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{mall degree, ſo as to occaſion ' a perceptible 
bending in a length of ten feet. 

« It may not be amiſs to obſerve to you 
on the preſent occaſion, that the bending of 
a piece of timber frequently depends much 
on the poſition, in which it is placed. The 
beam before us is ſquare, ſo that it matters 
not on which ſide it lies: but in a plank, 
which is much broader than it is thick, the 
caſe is very different. You have often ſcena 
carpenter carrying planks upon his ſhoulder, 
and muſt have obſeryed, that they bend a 
great deal when laid flat; on the contrary, 
ſufficient to bend them perceptibly in that 
direction, though then the motion of carrying .. 
them along will make them bend from ſide 
to fide. Builders ate well acquainted with 
this principle; and as it is of importance to 
them, to prevent, as much as poſſible, the 
timbers of a houſe from bending, Iwill ſome 
day go with you to a houſe that is building, 
and deſire the carpenter to point out to you 
the ingenious methods, that have * de- 
viſed for this purpoſe.“ 


L 4 
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” CHAP, XIV. | 

now 7 10 WEIGH / in BEAM wiruovr A 
GTO STEELYARD OR SCALES. 


* 
erg 1 


— © Father. We ,juſt EW . the 
5 of the beam; by gueſſing at it's con- 
tents in cubic feet, and multiplying theſe by 
the weight of one cùubic foot of the timber: 
dut could we not find the weight of che beam 
in ſome other way??? | 
William. By a very * Rieelyard.” 
F. © True; we might do it in that man- 

er without difficulty; and there are ſteel- 

yards, in many places, large enough to weigh 
44 loaded waggon. But is it not to be done 
Without any ſuch help?” F. a 
IG cannot tell how... 
F. There is no ſuch great dficuley in in it. 


Draw = d * | 
<2 = 1 my | 
| 18 I : : ts var 85 83 


Let A B be the beam; and G it's centre. of 
* gravity. Now if the beam reſted on a ſup- 
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port at it's centre of gravity, the two ends 
would be in equilibrium, or balance each 
other. But if the ſupport were on one ſide 
of. the centre. of gravity, .as at'C, . the longer 
end, B, would fink to the ground. To re- 
ſtore it's: equilibrium, a weight muſt be placed 
at A; and from the. weight required, and it's 
diſtance; with that of the centre of gravity, 
from the point of ſupport, the weight of 
the beam may. be. calculated. Perhaps you 
could make the calculation yourſelf, recol- 
lect ing the law, that the powers will be. in 
the inverſe proportion of their diſtances front 
the point of e when 2 are in _ | 
lbrio.” 
„ Hine we may pda N 
the beam as lying in the centre of gravity G, 
we may ſay, as C G is to C A, fo is the 
weight A to the N G, or the n 
„ ol. the beam. } 


.. Suppole, FORTY that A is. RY | 


. the lengtb of C G, and we are obliged 
to place exactly a hundred weight at A to- 
produce an, equilibrium, what will be the 
weight of the beam?“ 

. Five hundred weight. 


1.5 
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F. Hence we may deduce another mode 
of-eſtimating the weight of à beam. Sup- 
pole I have attained by experience a know- 
ledge of the exertion it requires for me to lift 
ene, two, or three hundred weight from the 
ground. Now 1f the beam be lying on the 
earth, and I put a rope round one end, for 
the convenience of lifting it, taking it for 
granted, that the beam is not too heavy for 
this, could I not in this manner eſtimate the 
weight of the beam? | 
V. e ee on 
e while the end B is raiſed, it is a 
lever of the ſecond order, and as the beam is 
of the ſame ſize throughout, the power is a8 
far again from the point of reſt as the weight, 
ſo that the weight muſt 5e double! the 
power! 1. 5 Py 75 x J . 
IE he Hai if the ne 10 em- 
ploy, to raiſe the end B, appear to me equal to 
Fuat it would require to lift two hundred 
weight and a half, I may inſer, 3 
muſt be about . agement, ly 
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CHAP. XLVI. 
HOW MEN ST AND. 


WnꝗZ TEA 2 body be ſecure from fullive, | 
or not, depends upon the fituation of 1 it's 
centre of gravity. | 

In every ſtanding body the. centre of gras 
vity muſt lie over ſome part of the ſurface 
upon which it ſtands, ſo that a line drawn 
perpendicular to the centre of gravity maſt 
fall within the limits of that ſurface. Thus, 
for example, a man cannot ſtand ſccady, un- 
tefs. a line let fall perpendicularly from he- 
tween his hips, where his centre of gravity © 
lies, touch the ground ſomewhere within the 
tpace of ey ha: tes: feet form the boun- 
| A it is beides that a ee | 
ee bee t as a horſe, muſt ſtand 
firrner than a biped, which has but two, as 
a man. A body may ſtand in an inclined 
poſture, and yet ſteadily, if the perpendicular 
let full from the centre of gravity be not 
without the limits of the ſorface on which it 
ſtands, | Ann may inc hne himſelf OS. 
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backwards, or to either fide, without falling, 
and without moving his feet; and the farther 
his feet are from each other in the direction 
in which he inclines himſelf, the e this 
inclination may be. 
Thus a man ſtands firmer 2 his feet 
aro at a moderate diſtance from each othes 
forwards and ſideways at the ſame time, as in 
what dancing - maſters call the fourth poſition, 
than when the ſeet are near together. 
My young readers, no doubt, have already 
vines at the dancing · ſchool, that they muſt 
turn out their toes, to ſtand gracefully. But 
turning out the toes in a moderate degree is 
not graceful merely, it is conducive to firm - 
neſs of poſture; for by this a man is ren- 
diered leſs liable to loſe his equilibrium ſide- 
ways, than if he turn his toes inwards, on 
place his feet parallel to each other, which is. 
a: faulty poſition according to the laws of 
mechanics, as well as, the rules of dancing: 
Still, to turn, the toes out too much is alſa 
faulty, ang, many dancing maſters, carry this. 
too far, It is ungraceful for what can be 
graceful, that. i is unnatuml? Man's gatural. 
moge of walking is forwards; in doing which. 
| however, he is 140, guard againſt falling. om 
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either fide. Accordingly nature has placed 
his feet in this direction, at the ſame time 
that ſhe has given him muſcles at the hips, 
which are capable of turning the whole leg, 
with the foot, ſomewhat outwards, and in- 
wards alſo if it be neceſſary: but to turn 
them ſo far round, as to bring the heels as 
forward as the toes, cannot be done without 
a conſtrained act ion of the muſcles, and a 
contorſion of the whole kmb. A man walk 
ing forwards with his toes pointing directly 
to each ſide would appear a ridiculous figure 
to any one of uncorrupted: taſte; whe had! 
never ſeen ſuch an exhibition before. This 
turning out of the toes too much is to be 
reprobated · on account of it's inſecurity alfo 5 * 
for in conſequence of. it a. man is liable; to 
loſe his equilibrium either backward or for- 
ward. Phe rules of dancing and mechanics- 
ſhould go hand in hand, otherwiſe the former: 
muſt be deſective: the latter 7 never can, for 
they are the laws of nature. 016710374 
The. nearer the centre of gravity, is to the 
ſurface that ſupports. i it, the leſs danger 8 
is of it's. being carried beyond this ſurface ;, 
and: this is one reaſon why a man ſtands: 
firmer with bent knees, as he does when he. 
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expects any ſhock or thruſt. 'But the chief 
advantage of this poſture 1s, that a man can 
readily ſhift the fituation of his centre of 
gravity, as the occaſion may require; for 
which reaſon. it is neceſſary, that he do not 
lower the centre of gravity ſo much, as to 
hinder the free action of his limbs. A man 
who ſhould ſtand in a boat under ſail, a car- 
riage going along, or like one of Mr. Aſt- 
ley's pupils on a galloping horſe, would act 
very imprudently, if he endeavoured to keep 
his legs ſtraight, with a ſtiff knee. In ſome cor- 
poral exerciſes, where it is neceſſary to ſtand 
firm againſt external force, as in fencing and 
wreſtling, the poſition- with bended knees, 
which the rules of art preſcribe, is founded 
therefore on ſolid. principles. | 


© 
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AMUSING EXPERIMENTS Wiler To 
"THE TxnTRs of GRAVITY IN MEN.” 


* 1} . Fit 96664 
Nr 50 Male ee dees. — 
went Fram the following experiments relative - 

te the centre of gravity. gg. 
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. To ſeat a perſon Jo, that he cannot 
10 up. 

Seat the perſon in a chair, ſo that his body 
ſhall be ere, his thighs in a horizontal po- 
fition, and his legs perpendicular, and require 
| him to riſe up, without inclining his body 
forward, or his feet backward... Now, let 
bim exert himſelf as much as he pleaſes, he 
will find it impracticable: for in this poſition 
his centre of gravity will be perpendicularly 
over his ſeat, -and, if he would raiſe himſelf, 
the thighs ' act as two levers, bearing the | 
weight of the body on their extremities at 
the hips, the knees form the fulcrum, and 
the moving power refides in the muſcles, that 
extend the legs and thighs; but theſe, in 
ſuch #poſition," act too obliquely, and their 
diſtance from the fulcrum is too little, for 
them to overcome the weight. | 

This is an experiment of conſiderable an- 
tiquity, for it is "nenfloned by Ariſtotle. _ 

2. 0 place” a an /o, that he cannot 
een one of "Kits teh” only. 3 
Place Him with His fide againſt. a. wall, | 
that the whole leg, on which he is to ſtand, : 
ſhall touch the wall from the foot to the hip, 


and in this poſture he wilt be unable, to raiſe 


— 


. with his feet cloſe together, and, his knees 


a 5 K * F a * * | —_—_— - l G . 
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his other foot. from the. ground, ſince the 
moment he dots ſo his centre of gravity will 
be unſupported, and he muſt fall. 

3. To place a perſon in.a poſture, in rhich 
he cannot take any. thing from the. ground 
u before has. fect. 

Let him ſtand with his back againſt a walh 
ſa that his heels ſhall touch it, and every 
attempt he makes to bend forward, to reach 
the object before his feet, he. will be in dan - 
ger of. falling, as his centre of gravity is un- 
ſupported. It muſt be made a condition, 
however, that he ſhall not. bend his knees. 

That he muſt not lay hold of any thing with 
his hand, to ſupport nee is a. matter. of 
courſe. "WY 

4. At how. great” a: dance. can a. nan 
reach, lo tale up any thing from theground ?, 

I a perſon ſtand freely on the open ground, 


ſtraight, he will. not be able to take up a, 


piece of money, or. the like, that. lies on the 


ground about two feet. before. him. With. 


bended knees be can reach ſomewhat farther, 
without lofing, his equilibrium. To take up, 
any thiog, that js on one ſide of him, be muſt, 


idcline the deer, part of the. ; body: z hitle, 


14 


- 
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backwards. If this be rendered impracti - 
cable, as by placing him with his back againſt 
a wall, as in the preceding inſtance, he cannot 
reach any thing ſideways, even though cloſe 
to his feet, without raiſi ing the een foot 
up u into the air. N 


* 


CHAP. XLVIII. AF 
SOME TOYS CONSTRUCTED ON THE PRMIN= | 
CIPLE OFTHE CENTRE OF GRAVITY, * 
bin Ae paſture ation; a e 326 
Dew of my readers, I preſume, are unac- 
quainted with the toy ſold by this name. It 
is made of the pith of elder, with a bit of 
lead at the bottom. As the weight of the 
lead is conſiderable, compared with that of 
ſo light a ſubſtance as the pith of elder, the 
centre of gravity of the toy is in the leaden 
foot. Accordingly, if you incline the figure 
on one fide, to the right for inſtance, the 
centre of gravity is unſupported it is true, 
yet it is not removed to the right hand be- 
yond the point where the foot of the figure 
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fill touches the ground, but remains ſtill on 
the left hand; ſo that the foot will fall back 
into it's former poſition, and the figure re- 
aſſume it's erect poſture, as ſoon as the force 
you employed to incline it is removed. 

2. 4 cylinder that rolls ſpontaneouſly up 
hill. 
Make a hollow cytinder of paſteboard, and 

faſten a narrow piece of lead on the inſide in 
the direction of it's Axis, or make a cylinder 
of light wood, and run a little melted lead 
into a hole near the circumference at one 
end, or at both. If ſuch a cylinder be laid on 
an inclined plane, with the lead uppermoſt, 
but ſo as to be a little nearer the rifing-ſide 
of the plane, as the lead, in which the centre 
of gravity of tbe cylinder lies, ſinks down- 
Wards, the cylinder will aſcend up the in- 
cilined plane, till the lead becomes lowermoſt, 

which may be when the cylinder has rolled 
up a ſpace nearly g ane circum- 
ference. 

A clock, to point out the time of the -4 
— has been conſtructed pn. this principle. 

3. A: double cone which rollt {or mater 

| appears 40 . } up hill, 
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A piece of wood is to be turned in the 
ſhape'of two cones joined together at theit 
| bales. Por this a ſtand is made, conſiſting 
of two pieces of wood, meeting at one end 
in an acute angle, and ſupported by three 
legs, in ſuch a manner, that the angular 
point is lower than the oppoſite part of the 
ſtand. Thus the ſtand is an inclined plane, 
down which round bodies uſually roll. But 
the double cone takes an oppoſite direction: 
for, if you place it at the angle of the ſtand, 
the ſides are ſo cloſe, that it muſt reſt on 
the part where it is thickeſt; and conſe- 
quently it's centre of gravity, which is in the 
middle of the axis, will be nearly half the 
thickneſs of the baſe above the ſupport. 
On the other hand, though the fides of the 
ſtand are higher as their diſtance from the 
angle increaſes, they are more remote from 


each other, ſo that the cone can fink deeper 
between them, whence it's centre of gravity - 


lies lower in fact at the upper end of the 
ſtand than at the lower end. Thus the cone. 
rolls from the point of the angle toward the 
| baſe, fo that it appears to aſcend up hill. 

The leſs acute the angle of the ſtand, the 
faſter the cone will roll: but there are three. 
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_ circumſtances, that affect it's motion : iſt, 


the angle of the ſtand; 2dly, the inclination 
which the plane of the ſtand makes with the 


horizon; - 3dly, the angle which the ſides of 
the cone make with it's axis. Theſe three 


. magnitudes ſhould be in due proportion to 


each other. How this proportion is to be 
aſcertained my readers will learn hereafter, if 


they purſue their mathematical ſtudies. 


CHAP. XLIX. 
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This well-known toy confiſts of a * 
figure of a man holding before him with 
both hands a- frame-ſaw, which, near the 
lower end, paſſes through a piece of timber, 
glued faſt to it at right angles. On that end 
of the timber, which paſſes behind the man, 
a leaden ball is fixed. If this figure be ſet 
on it's feet on the edge of a table, under 
which the timber paſſes freely, it will be 
preſerved in equilibrio by the leaden ball; 
and if you give it's head a gentle puſh, it 
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will move backward and forward, as if ſaw- 
ing, and continue this motion ſome time. 
The leaden ball may be diſpenſed with, if 
the timber be made of ſufficient length and 
weight. | 
The following i is the principle, on which 
this toy is conſtructed. The centre of gra- 
vity of the whole figure, with the ſaw and 
leaden ball, lies under the feet of the pup- 
pet, ſo that it cannot fall, as long as thoſe 
feet form the point of ſupport ; and when it 
is made to incline either way, the centre of 
gravity is raiſed and carried to one fide of 
the perpendicular from the point of ſuſpen- 
fron, to which it muſt deſcend as a pendulum 
does, continuing to — in a  finnilar 
manner. * 
5. The little rope- ROY = 85 
A puppet is made of wood, beldigg i in it's 
hands, inſtead of a rope-dancer's pole, a ſemi- 
circular wire, the ends of which are turned 
downward, and reach below the feet of the 
puppet. Each end of the wire is loaded 
with a leaden ball, ſo that the centre of "gra> 
vity falls under one of the feet of the figure, 
the other being carried backwards and raiſed 
Au the air. This puppet will ſtand es a 


* 
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on one foot on a thread | ſtretched. horizon- 
tally, and balance itſelf. like a rope-dancer. 
If the thread be ſtretcbed obliquely, it will 
flide down, ſtill preſerving it's equilibrium. 
6. To hang a boltle of water on a little 
Rick refting . on the _ 4 4 
table. | 
Round the neck of ** houle, or handle 
if it have one, tie a ſtring ſufficiently ſtrong, 
with a loop of ſuch a length, that the ſtick, 
when paſſed through it, and reſting on the 
mouth of the bottle, ſhall form with the 
bottle an acute angle. If the ſtick be placed 
ſo as to be ſecure from flipping, when it reſts 
upon the table, the greater part of the bottle 
will hang obliquely underneath it; and thus 
their common centre of gravity will lie un- 
derneath the point of ſuſpenſion. 
7. The tumbler. 
This is a little puppet of wood, the body 


8, hollow, and divided into two cavities,by 


means of a tranſrerſe piece of wood, in which 


bowever there is a hole, to form a commagi- 
cation between the two. In one ol theſe 
© cavities is contained a little quickſilxer, which 


can readily paſs from one to the other thravgh 


3 


of which is made crooked in the ſhape of an 
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the hole. The arms are moveable round an 
axis, which paſſes through the breaſt, and 
have a pulley at the ſhoulder, to which a ſilk 
thread is faſtened, that paſſes under the 
clothes, and is made faſt at the other end to 
the leg. Both the arms and legs muſt be 
made tolerably long, the better to-balance the 
body. _. 
If this figure be placed on her upper ſtep 
of a ſtain made for it, ſo that the head lies 
lower than the belly, the quickſilver will run 
out of the cavity of the abdomen into that 
of the thorax, the head will incline down- 
ward, and the figure will ſtand on it's hands. 

By this motion of the arms the ſilk thread 
is ſtretched” and draws over the legs, ſo that 
theſe, with the lower part of the body, ac- 
quire a preponderance, and the figure, turn- 
ing over, arrwes at the ſecond ſtep on it's 
feet. The quickſitver now runs out of the 
thorax into the abdomen, whence the belly, 
in conſequenee of the curvature of the figure, 
is thrown forward. The arms and upper 
part of the body then gain the -preponde- 
rance, fo that the figure turns over again; and 
in this manner it deſcends all the ſteps. 
124 % 19. ES IF 
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Tbis ingenious toy muſt be made with 
| great, nicety, to ſucceed well. It is ſaid to 
be a chineſe invention: and though only a 
plaything for children, it's mechaniſm well 
deſerves to be examined by my young readers, 
when they have an opportunity; as a mere 
deſcription, which is all that can be given 
here, may not be ſufficient to impart a com- 


plete idea of it. | 
+11 a 11 11 POET 
CHAP. WS: + 55 | 18 | 
JET | 
TWO MORE PROGNOSTICATORS oy 


* WEATHER. 


In chapters XXV and; xxvi — have 
Jn mentioned, which prognoſticate changes 
in the weather with tolerable certainty, and 
to theſe the two following may be added. 
The thorny joach is one ef theſe. The 
other ſpecies of the loach are very good cat- 

ing, but this is tough and inſipid. It is 
about a foot in length, as big as the manure( 
reed, or large reed ſometimes uſed for fiſhing- 
rods,. and is ſlippery. Jike-an, eel. .,, This fiſh. is 
© pe; in a ae glaſs bottle full of water, with 


parate will continue to move about in 
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two fingers depth of ſand at the bottom. 
As long as the weather is ſettled, it remains 
quiet on the ſand, and the water is clear: 
but if bad weather be coming on, it is reſt» / 
leſs, and winds itſelf about from place to 
place; after which rain, or wind, in general 
ſoon follows. If a heavy ſtorm, or thunder, 


be approaching, it appears ſtill more reſtleſs, . . _ 


and ſometimes aſcends to the top, as though 
it felt itſelf confined, and would creep out 
of the neck of the bottle, ſometimes Plunges 


into the ſand, and wallows about in it, ſo as 
to render the water turbid, and itſelf i invi- 


fible. This ſingular preſenſion of a change 
in the weather it frequently diſplays four and 


twenty hours before it takes place. 


To preſerve this fiſh alive, the water muſt 
be changed frequently, and ſome crumbs ok 
bread thrown into it. 

Another prognoſticator of Feil is the 


leech, an animal found in ponds and ditches, 


and often of conſiderable utility to man. 
This animal is very tenacious of life, ſo | 
that, if it be cut in two, the parts. thus 


water for ſeveral days, or even weeks, Here, - 


however, let me intreat my young we. 


- 
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never t6 make experiments on any thing that 
las life, out of caprice, or premature curio- 
sy. When phyficiatt, or natutal philoſo- 
phiers, infi& pain on animals, they do it, 
either to diſcover in them properties, that 
may be of utility to man, or to extend our 
Knowledge of nature. And even this is not 
to be done wantonly: the end, that the phi- 
* Jofoptier propoſes | to himſelf, ſhould be im- 
Portant; he mould be careful, to make his 
experitnents with all the tenderneſs poffible, 
- Infli&ir Ing. pain as little as may be; and he 
Thould never kepelt them unneceſſarily. No 
= - Kh of 7 .A feeling mind can reflect on the ſu- 
6 Peiflübus and reiterated barbarities of a Spal- 
lanzani, and ſome others, without horrour. 
"Unleſs for ſome important purpoſe, which 
Children cannot have in view, the cruelty of 
mutilating or. wounding a living creature, 
depriving it of the air neceflary to it's exiſt- 
ence, or even keeping it in confinement, is 
 nexcuſable. Though the mute animal can- 
not cry out for help, do not it's eager and 
, Conv ive movements tell you, that it feels 
: it pants for life and hberty ? Say 
14 Bot, to excuſe your cruelty toward an irra- 
Bond animal, that it has leſs ſendbility, and 
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feels leſs pain than a man would feel. How 
know vou the degree of. pain, of which an 
animal is ſuſceptible ? Does nat this very 
quality. of which we are talking, that of 
perceiving an approaching change in the 
weather, tend, with many others, to. how, | 
that the nexyes of, animals polleſs Car {ear 
Fi on, 1 ei n eh t 
_ return from. this digrelhoy, the ey 
of which we were ſpeaking, is frequently em- 
ployed inſtead of the Patificator and. cupy 
ping: glaſs by the phyſician. It is very greedx 
pf bisod, readily fixing, on any animal, the 
kin of which is capable of being pierced by 
the inſtrument with which it is furniſhed for 
the purpoſe, and ſucking i it's blood, till it is 
completely diſtended. with it. When a pond, 
or ditch, in which leeches are, is empticd, 
they frequently faſten on the naked legs of 
the labourers, from which they are not to be 
diſengaged without violence, unleſs you 
ſprinkle a little falt on them, which will 
make them drop off without riſk of any in- 
Jury to the part. x 
If you would employ the leech as an in- 
dicator of the weather, you muſt keep it in 
a glaſs veſſel partly filled with water, In 
M 2. Th - 
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> ſerene ſettled weather it lies on the bottom, 


curled up like a ſnake. If rain be coming 
on, it aſcends to the ſurface of the water, 


and remains there, till the weather begins to 


clear up.. Againſt wind it ſwims about with 
| great agility, and does not ceaſe it's move- 

ments, till the wind begins to blow. When 
a thunderſtorm is approaching, it remains 
| ome days out of the water, feems uneaſy, 
and is convulſed. Throughout the winter it 
lies curled up at the bottom of the veſſel, 
and takes it's winter fleep : but if it be about 
to ſnow, or thaw, it aſcends to the mouth 
of the veſſel. In general it remains at the 
bottom of the veſſel in warm wenther, at the 
WP in cold. 

Once a week in ſummer, and once a fort- 
night in winter, the leech ſhould have freſh 
water, with ſome ſand, and a little bran. 


1 


THE OO _— 


* 0 1 i 

-» » * 4 a ” 4 1 IT) S ; FI P * i - * „ 

C F.4 — = 86 # 3 , a . ” 
* d 0 1 d 4 


Cheb, II. | 


HD een $4877 2 vn b . * 
[73 8 
se Exrunindxts” ou veg" än kn 18 
"AND THE | " EOMMUN1EAT ION” er Mo- 
Ion. % lun leds on, Sn | 


62 5 4 . * 7 


_ - Taxps i is a moral, and there. is a 3 


averſion to motion, or rather to a change „ 
ſtate. In ſome languages, from their general 


zelemblance, they are called by one common 
pame; though they are. not ſo with us. . The 
phyſical quality, we call inertia, , or vis 
_ Inerlice 7 the moral, from which 1 woulg 
hope my young readers are free, fl gifaneſs, 
pr., iudolence. + The, phyſical, we. poſtal 
however, lively and active we may be. h 
from a ſtate of reſt we would ſet our bodief 
in motion, they require a certain degree of 
force, and a certain ſpace. of time, propor- 
tionate to the weight of our bodigy, jult as 
much as a ſtone. or a log of. wood Would do. 
In like manner, when our bodies are once ſet 
in motion, time and force are requiſite to 


a 


bring them to a; ſtate "of. reſt; ſo. that, were 


it not for the kind attraction of our parent 


F * Ie gould, not yenture to take, leap 
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within doors, as -we ſhould daſh our heads 
againſt the cieling; or in the open air, leſt 
we ſhould fly Heaven knows whither. This 
phyſical inertia, however, is a beneficial 
quality; and ſo is the moral, when it does 
not degenerate into abuſe ; but we muſt be 
| careful, not to counteract it ſuddenly: it is 
with this, as with obſtinacy ; each yields to 
gentleneſs, while violence may be employed 
In vain, 
When a boy is ſeated on a catt without a 
back, if they, who are to draw or puſh him 
along, ſet the vehicle in motion ſuddenly, 
the rider, unleſs he holds faft with his hands, 
inevitably falls backward. If there be a | 
back to the cart, the back of the rider will | 
- , Arike againſt it. Why is this? The anſwer | 
is, becauſe the communication of motion | 
requires time, The motion is communicated | 
| 
| 


firſt to the part in contact with the ſcat, be- 

cauſe of the friction between them, while the 
upper part of the body lags behind. Thus 
the centre of gravity is thrown behind the f 
ſurface of ſupport, and the body comes ] 
backward to the ground, with the legs com- t 
mionly raiſed in the air, as theſe cannot fo 


Tpecdily change their poſition with reſpe& te 


* 
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the reſt of the body, the occurrence being 
unexpected. If the friction againſt the ſeat 
be trifling, and the pull be very ſudden, the 
feat will flip from under the rider, and he 
will come to the ground on his bottom. 

If the motion be commenced ſlowly, and 
increaſed gradually, there will be time for 
it's communication, and the rider will retain 
his ſeat in ſafety. 

When the motion is ſuddenly checked, the 
reverſe takes place. As ſoon as a boat, that 
is failing or rowing to land, touches the 
ſhore, every perſon in her is thrown forward. 
If a perſon in ſuch a caſe be ſtanding, his 
feet will be ſuddenly ſtopped with the boat, 
on account of the friction between them, 
while the motion of the upper part of the 
body will continue, ſo that he muſt fall, un- 
leſs he advance one of his feet, or take the 
precaution to move his body backwards ab 
the right time. 

It is the ſame when a coach or other car- 
riage is ſuddenly ſtopped, when a galloping 
horſe ſtops ſhort unexpectedly, and in 9 
fimilar caſes, 
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MORE abnrove Arran nt ON OD 
SAME wits acatch 065 l. 


Tax houſe-maid, when the handle & * 
hair · broom is looſe, reverſes it, and ſtrikes 
the end of the handle three or four times 
ſmartly againſt the ground. Why does ſhe 
10? She bas ſeen others do the ſame, and 
knows by experience, that it will faſten the 
handle, though ſne does not know the reaſon. 
The fact is, the quick motion of the handle 
is ſuddenly ſtopped, but the head of the 
broom, which is looſe, continues in motion 
ſomewhat longer, and thus gets farther upon 
the handle, till it is ſtopped by it's tightneſs. 
If you hold a ſand-box in one hand, and 
Mike upon it with the other, the ſand will come 
out of the holes, becauſe it cannot imme 


Aiately acquire the quick motion downwards, 
Which is given to the box by the ſtroke, 
The ſand does not aſcend, properly ſpeaking, 
but the perforated top of the box is driven 

below the ſurface of the ſand, 
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Lay a card upon a glaſs, a halfpenny upon 
the card, and with your fingers draw the 
card ſuddenly away, the halfpenny will 
fall into the glaſs. If you draw the 
card ſlowly, the halfpenny will be drawn 
off with the card; but when it is done 
quickly, the friction between the two being 
little, on account of the ſmoothneſs of the 
card, there is not time for the motion of 


the card to be communicated to the half- 5 


penny, before it is drawn from under 1t. 

The following experiments, founded on 
the communication of motion, excite con- 
ſiderable aſtoniſhment in thoſe, who do got 
underſtand them. 

Set a wine-gJaſs on the table, or, if you 
would ſpare your glaſſes, ſplit a card a little 
way, and ſet it upright, (Oat it may be 
thrown down eafily. Suſpend a tobacco- 
pipe in ſuch a manner, that it's lower end 
may hang near the upper edge of the card.' 
Now, if you ſtrike the tobacco-pipe gently 
toward the card, it will remain whole, and 
the card will be thrown down : if you give 
it a ſmart ſtroke in this direction, the pipe 
will be broken, and the card remain erect. 
On the contrary, if you ſtrike the pipe 
gently from- the card, the pipe will remain 
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whole, and the card ſtanding : if you ſtrike 
it ſmartly in this direction, the pipe will be 
broken, and the card thrown down. This 
is not difficult to explain. When the ftroke 
is ſmart, the motion cannot be communi- 


the whole of the pipe, which, being brittle, 
breaks at the place where the ſtroke was 
given, each half turns round it's centre of 
gravity, and in conſequence the lower end 


| of the pipe, as well as the upper, will move 


ina direction contrary to the ſtroke. 
Draw a hair through the ſtem of a tobacco- 
pine, and faſten it horizontally at both ends, 
you may break the pipe ſtem in two by a 
ſmart ſtroke, without breaking the hair. The 
ſucceſs of this experiment depends upon the 
ſxilfulneſs with which you make your ſtroke; 
this muſt be ſmart; and ſhort, without let- 
ting the inſtrument, with which you ftrike, 
deſcend too low. The pipe breaks for the 


_ reaſon mentioned in the preceding paragraph; 
the bair remains whole on account of it's 


4 elaſticity. * 


HFlold a quarter of a ſheet of paper between 
your finger and thumb, ſo that it may hang 
fſteely. If you puſh it, or ſtrike gently 
& againſt it, with à nail, the points of a pair 


— 


cated with ſufficient quickneſs throughout 
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of compaſſes, or the like; it will give way 
and you cannot pierce it; but if you ſtrike- 
it ſmartly with either of theſe, you will make 
a hole through it. 

You can eaſily ſhut an open door by | 
puſhing it, but if you give it a violent ſtroke 
with your fiſt, you will ſhake it only, not 

ſhut it. If you would ſhut a door with vio- 
lence, you muſt take hold of it with your 
hand, and exert the power of the arm upon it 
by a motion gradually accelerated. 

A moderate blow with a ſtick againſt a 
pane of glaſs will break it into ſeveral pieces; 
but a ball fired out of a muſket will make 
a ſimple round hole in it; while the ſame 
ball, thrown with no great force, would break 
it to ſhivers. 

o one arm of 2 balance ſaſpend a weight 
by a long thread, and hang at the other 
arm a weight ſufficient to counterpoiſe it. 
If, while you prevent the arm from riſing by 
keeping your hand or finger on it, you raiſe 
the ſuſpended weight a little way, and then 
let it fall, the thread will reinain whole, and 
the other end of the beam will be raiſed. If 
you let the weight fall from a conſiderable 
height, the thread will ſnap, and the balance 


"EN unmoved, If mou "TY two weights | 1 4 
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by a thread paſſing over a pulley, ſimilar 
conſequences will take place. 

Pliny relates, that near the town of Har- 

paſa, in Aſia Minor, is a very large rock, 
which you can move with a ſingle finger, 
while it obſtinately reſiſts a ſturdy ſtroke. In 
this there is certainly nothing - improbable, 
though it appears ſtrange ; for we may ſup- 
pole the ſtone to reſt on it's baſis in the 
manner of a four-legged table, which has one 
leg too ſhort; and this we know might be 
moved by the preſſure of a finger, though 
a blow with a hammer would not ſtir it. 
The logging-fones, or rocking-ſtones, which 
ſtill exiſt in different parts of our own 
iſland, are curious remains of antiquity of a 
ſimilar kind, being ſtones of conſiderable 
bulk and weight, ſo nicely Poiſed on a ſlen- 
der baſe, that a ſlight effort is ſufficient to 
move them; though it would require a very 
great power to throw them down, from the 
thifting of their centre of gravity, in con- 
ſequence of the change! in the e on which 
oy bear. 


„ CHAP. LIII. 


* SWPPLEMENT TO THE FIRST CHAPTER. 
WIiIIIIAM wanted to pour back a glass 


of wine into the decanter, and ſet about it 
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very. cautiouſly and flowly, that he might 
not ſpill any. The flower he poured, how- 
ever, the worſe he ſucceeded, the wine run- 
ning down the fide of the glaſs. _ 15 

« Pour briſkly,” ſaid his ſiſter, who was 
a little older, and more experienced | in ſuch 
things, „or you will ſpill it all.” _ 

William took her advice, and was more 
ſucceſsful. _ 

« Do you perceive the reaſon of this * 
ſaid his father. 

William. Not very Clearly. I rather 
feel it, than underſtand it.” 

Father. © So it is with many things i in 
common life. Experience gives thoſe, Who 
do not trouble themſelves about cauſes, a 
foreknowledge of effects to a certain degree. 
Every alchouſe-keeper knows, that he muſt 
pour briſkly out of his full mug, to fill the 
glaſs without ſpilling the liquor, though he 
is unacquainted with the theory of it. 

Every journeyman maſon. knows where he 
muſt lay hold of his crow to move a ſtone. 
though he is ignorant of the laws of the 
lever. The  billiard-player can tell how he 
muſt ſtrike his ball to hole his adverſary's, 
though he has never ſtudied the laws of 
percuſſion of elaſtic bodies. The waggoner 

vor. 1. N 
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is able to judge, whether his horſes be equal 
to the'taſk of drawing a loaded waggon up 
a hill,” though he has never heard of the 
theory of inclined planes. He muſt be very 
ſhort-fighted, however, who hence concludes, 
that ſcience is unneceſſary. 
The attraction that takes place between 
the particles of the liquor and the glaſs, 
and between the particles themſelves, is the 
cauſe of the liquor's running down the fide 
of the glaſs. The firſt drop, which, were it 
acted upon by the power of gravitation 
alone, would fall perpendicularly from the 
- brim of the glaſs, is detained by the attrac- 
tion between the particles of the liquor, 
hangs a little over the brim of the glaſs, 
touches it's external ſurface, is attracted by 
this, and flides down it, becauſe it's weight 
is too little to overcome this attraction. 
Each ſucceeding drop is drawn along by this, 
and in like manner runs down the ſide of 
the glaſs 4 | 
WW. «„ How is it, then, that it runs down 
the fi de of the glaſs only at firſt, when the 
glaſs is pretty full, and goes into the de- 
canter very well, when the glaſs is half 
empty ?. F; 
— F. „ When you pour out of a full glaſs, 
be the fide of the 5 is inclined in a very acute 
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angle to the perpendicular, through which 
the drop would fall; of courſe it is very near 
to the drop, that is about to fall, and there- 
fore it's attraction for it is conſiderable. 
When the glaſs is in part emptied, you muſt 
incline it more, to pour the liquor out, ſo 
that the fide 1s carried farther from the 
drop, and conſequently attracts ut want leſs 
force.” 

W. « Now I underſtand it clearly, ail 
perceive the reaſon, why pouring the liquor 
out briſkly prevents it from running down 
the ſide. By doing this a quicker motion is 
given to the liquor, ſufficient to overcome 

the attraction between it and the glaſs at 
firſt; and at the ſame time the glaſs 1s ſooner 
brought to a greater inclination, and thus 
carried farther from the ſtream.” | 
F. © You now know the reaſon why ſome* 
veſſels are made with a projecting brim all 
round, others with a projection at one part 
only, which we call a lip. | 

Liquor may be prevented from running 
down the fide of a veſſel too, by ſmearing 
the outſide, at the place where you intend to 
pour it out, with any thing, to which the 
liquor will not eafily adhere, as greaſe, or 


the ſeed of clubmoſs. 4 
2 - Quickfilyer will not trickle dom. the | ff 
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fide- of a glaſs, becauſe. it's particles have 
little attraction to the glaſs, more to each 
other, and contiferable weight. 8 

If you would have a proof of the ad- 
Leon, that takes place between water and 
many other things, bring me a pair of ſcales, 
A * oß water, and a trencher,” 

-, Wilkam haying brought theſe, the trenchet 


was ſuſpended borizontally beneath one of 


the ſcales, and balanced by putting weights 
into the other. The ſcales were then held 

in ſuch: a manner, that the bottom of the 
* juſt touched the ſurface of the water 
in the bowl, without finking” o it. The 
other ſcale then bore an ounce more, without 


raiſing the trencher; but on adding ſtill more 
weight, the trencher was raiſed ſuddenly, ſo 
that it was evident, the water had held it down. 


With one more experiment we ſhall con- 


| clude. Lay a bit of. cork on the ſurface of 


ſome water in a wine-glaſs, and ſee whether it 


will ſtay in the middle. Lou will find, that 


it will always ſwim to the ſide of the glaſs, 
and. the faſter, the [nearer it is to it. When 


it touches the ſide, it will be raiſed up a 


little likewiſe. Replace it in the middle 


as often as you mh it will ill return to 
JU 38 
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